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GLOSSARY 


A(.RANIA • animals ^\ithout skull ( cranium) 

Antiiroi\x,en\ : the evolution of 

man ( anihrupos ) 

An riiROPOUK:v : the sticiu e of man 

Akl-iii- . (in compounds) the first or typual 
—as, archi-c} tula, archi-g-astrula, etc. 

Bkk-fn\ . the science of the genesis of life 

( hioi ) 

lli.Asr-: (in compounds) pertaining to the 
c.irly embrio (hiaslu'i - a bud); 
belli 0 — 

niiislodenn . skin (derma) or enclos- 
ing kij er of the emhrj o i 

BLcstospliere : the embryo m the 
hollow sphere stage , 

Illastula same as preceding ' 

hpihlast Ihe ciuter later of the 
embrjo (ectoderm) 

Hypoblast, the inner later of the 
emhr>o (entoderm) 

IlKtviititc pcrtaiiiiiig to the gills 
(braHihta) 

CtR^o-. (in compounds) pert.iming to the 
mil lens ( laryon) , heiK'o 
Cartokiiiesis . the niotemeiU of the 

Car)i>lysis • dissolution of the nucleus 
Carvopl.asin . (he matter of the nuileiis 

CFNTROLtl-ITIIM. see Under Lfcith- 

CliOKinKit andCilORPOMt. animals with a 
dorsal chord or Vsi-^k-bone 

CitlOM or Cthi-OMA. the binlj-cavitj in the 
embryo ; hem e . — 

Cislenterata : animals without a Inidt- 
euvity 

Crelomana: animals with a bodt- 
catity 

Cccloinatioii , formation of the bodt- 
cavity 

CVTO- : (111 compounds) iwrlaining to the 
cell ( c^tos ) ; hence 

Cytoblast : the nucleus of the cell i 
Cytodes ; cell-hke bodies, imperfect , 
cells I 


Cytoplasm, (he matter of the body of 
the cell 

Cytosoma : the body ( soma) of the cell 
Cryptorchism : abnormal retention of the 
testicles in the body 

Dti TOPLASM : see Plasm 
Dcalism : the belief in the existence of two 
entirely distinct principles (such as matter 
and spirit) 

Dvsteleoiaxjy the science of those 
features in organisms which refute the 
“design-argument " 

EctcwI'RM' the outer (cih) layer of the 
embry o 

Entoderm, the inner (tnio) layer of the 
embryo 

Epiijfrm : the outer layer of the skin 
Epicene&is . the theory of gradual develop- 
ment of organs in the embryo 
Ilpipinsis. the third or central eye m the 
early vertebrates 
Episoma . see Soma 

EpitHFLIA tissues covering the surface of 
parts of the body (such as the mouth, etc.) 

Gon ads the sexual glands 
GoncH'Hcarism . separation of the male and 
female sexes 

Gomcvtomes : sections of the sexual glands 
Gv.nkccVMAST ; a male with the breasts 
( mashi ^ of a woman (gyne) 

llFPATic pertaining to the liver ( hepar) 
Hcvlcvblastic . embry os in which the animat 
and vegetal c'ells divide equally {hohn = 
w hole) 

Hvpfhma-stism; the possession of more 
than Ihe normal breasts ( masta) 
HvroBRANciiiAL: underneath (hypo) the 

gills 

Hvpophvsis: sensitive -offshoot from the 
brant in the primitive vertebrate 
HvPCisoifA: see Soma 
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vis 


Lbcith- : pertaining: to the yelk (lentktts ) ; 
hence 

Centrolecithal : eggfs with the > elk in the 

Let'll homa • the } elk-sac 
Telolecithal : eggs wlh the yelk at one 
end 

MeroblvstiC' cleaving m part ( meroH ) onlv 
AIet\- ; (in LOmiMuiiiis) the “after" or 
setondarv stage , hence : — 
Aletagastcr the secondary or perma- 
nent gut 

Metaplasm secondary or difTcrentiated 

Meiasloma . the secondary or perma- 
nent mouth ( stoma J 
Metazoa . the higher or later animals, 
made up of many i ells 
Metotum the mature or advanced 

MtTVMEKV: the segments into which the 
embrj o breaks up 

Metamerism the segmentation of the cm 
brvo 

Monfrv the most piimnive of the uiii 
cellular organisms 

Monism beliel in the fundamental unilv of 
all things 

MorpiiolOuV the science of organic forms 
tgenerallv equivalent to anatomy) 
MvoTOMt-s segments into which the 
must les break up 

NtPHPA the kidneys, hence.— 

^eplI^dIa. the nidimcntaiy kidney - 
organs 

Nephrotomes the segments of the 
developing kidneys 

O.NTOOENV . the science of the development 
of the individual (generally equivalent to 
embry ology ) 

PtRK.FSESis : the genesis of the movements 
in the vital particles 

Phagocytes : ccllstliatabsorb food {phagein 

to cat) 

Phv laxiFsv the science of the evolution of 
specusf/VAy/rt^ 

Pl.vsiK\Ti_s • cells that move about 

(pU,„c..,) 

Plasm; the colloid or jelly-like m.iller of 
whnh orgaiiLsms are composed. 


Caryoplasm : the matter of the nucleus 
( mtyott) 

Cytoplasm : the matter of the body of 
the cell 

Deutoplasm : secondary or differen- 
tiated plasm 

Metaplasm • same as preceding 
Protoplasm : primitive or undilTercn- 
tiatc>d plasm 
I Plasson : the simplest form of plasm 
PLA.ST 1 DI LES • small particles of plasm 
PcVLVSPERMiSM the penetration of more 
than one spcrm-eell into the ovum 
P*cv or Prot . (m compounds) the earlier 
form (opposed to Mi-ta) ; hence 
Prochorion . the first form of the choriim 
Proga-stcr . the first orpriinitive slomai li 
Proncphridia : the catrlier form of the 
kidneys 

Prorenal . same as preceding 
Prosloma the first or primitive mevuth 
Protists . the earliest or unicellular 
organisms 

Provertebra; . the earliest phase of the 
V ertebrm 

Protophyta . the primitive or unicellular 
plants 

IVotopUsm ! undifferentiatc'd plasm 
Protozoa : the primitive or unicellul.ir 
animals 

Ren'AI . pertaining to the kidneys ( renes ) 

St \Tl I.ATION packing or boxing up {xcafula 
^ a box) 

ScLFPOTOMt'-s . segments into which the 
primitive skeleltvi falls 
Soma the body , hence — 

Cy tosoma : the bexly of the cell ( ryto^ J 
Ejwsoma . the upper or back-half ol the 
embryonic body 

Somites . segments of the embryonic 
bevdy 

Hyposoma the under or belly half of 
the embryonic body 

TklfolcXiV : tile belief in design and 
purpose f telos ) in nature 
TFLCILFtITIIAL • See I.M ITII. 

I'miiii i( Al. ■ perlaniing to the n.tvel (vm- 
btluus) 


Vitelline . pertaining to the yolk ( vUellas J 



PREFACE 

[Bv Joseph McCabe] 

The work which we now place within the reach of every reader of the 
liiifflish tonjfue Is one of the finest productions of its distinguished author. 
The first edition appeared in 1874. At that time the conviction of man’s 
natural evolution was even less advanced in Germany than in England, and 
the work raised a storm of controversy. Theologians — forgetting the 
commonest facts of our individual development — spoke with the most 
profound disdain of the theory that a Luther or a Goethe could be the 
outcome of dev elopment from a tiny speck of protoplasm. The work, one 
of the most distinguished of them said, was “a fleck of shame on the 
escutcheon of Germany.” To-da> its conclusion is accepted by influential 
clerics, such as the Dean of Westminster, and b> almost everv’ biologist 
and anthropologist of distinction in Europe. Evolution is not a laboriously 
reached conclusion, but a guiding truth, in biological literature to-day. 

There was ample evidence to substantiate the conclusion even in the 
first edition of the book. Hut fresh facts have come to light in each 
decade, always enforcing the general truth of man’s evolution, and at times 
making clearer the line of development. Professor Haeckel embodied 
these m successiv e editions of his work. In the fifth edition, of which this 
is a translation, reference will be found to the very katest facts bearing on 
the evolution of m.in, such .is the discovery of the remarkable effect of 
mixing human blood with th.it of the .inthropoid ape. Moreover, the 
.iniple senes of illustrations has been considerably improved and enlarged ; 
there is no scientific work published, at a price remotely approaching that 
of the present edition, vv'ith so ahund.int and excellent a siipplv of illustra- 
tions. When It was issued in Germanv, a few v ears ago, a distinguished 
biologist wrote in the Frankjurtcr Zcitting that it would secure immor- 
tality for Its .author, the most notable critic of the ide.i of immortality'. 
\iid the Daily Telegniph reviewer described the English version as a 
“ handsome edition of H.ieckel’s monumental work,” and “an issue worthy 
of the subject and the author.” 

The influence of such a work, one of the most constructive that Haeckel 
has ever written, should extend to more than the few hundred readers who 
are able to purch.asc the expensive volumes of the original issue. Few 
pages in the story of science are more arresting and generally instructive 
than this great picture of “m.-inkind in the making.” The horizon of the 
mind is healthily expanded as we follow the search-light of science down 
the vast avenues of past time, and gaze on the uncouth forms that enter 
iz A 2 
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into, or illustrate, the line of our ancestiy. And if the imag^ination recoils 
from the strange and remote figures that are lit up by our search-light, and 
hesitates to accept them as ancestral forms, science draws aside another 
veil and reveals another picture to us. It shows us that each of us passes, 
in our embryonic development, through a series of forms hardly less 
uncouth and unfamiliar. Nay, it traces a parallel between the two series 
of forms. It shows us man beginning his existence, in the ovary of the 
female infant, as a minute and simple speck of jell>-like plasm. It shows 
us (from analogy) the fertilised ovum breaking into a cluster of cohering 
cells, and folding and cur\-ing, until the limb-less, head-less, long-tailed 
foetus looks like a worm-shaped body. It then points out how gill-slits 
and corresponding blood-vessels appear, as in a lowly fish, and the fin-like 
extremities bud out and grow into limbs, and so on; until, after a very 
clear ape-stage, the definite human form emerges from the scries of 
transformations. 

It is vv'ith this embryological evidence for our evolution that the present 
volume is concerned. There are illustrations in the work that will make 
the point clear at a glance. Possibly too clear ; for the simplicity of the 
idea and the eagerness to apply it at every point have carried many, who 
borrow hastily from Haeckel, out of their scientific depth. Haeckel has 
never shared their errors, nor encouraged their superficiality. He insists 
from the outset that a complete parallel could not possibly be expected. 
Embryonic life itself is subject to evolution. Though there is a general 
and substantial law — as most of our English and .\meric,tn authorities 
admit — that the embryonic series of forms recalls the ancestral series of 
forms, the parallel is blurred throughout and often distorted. It is not the 
obvious resemblance of the embryos of different animals, and their general 
similarity to our extinct ancestors in this or th.it organ, on w’hich wc 
must rest our case. A careful study must be made of the various stages 
through which all embryos pass, and an effort made to prove their real 
identity and therefore genealogical relation. 

This is a task of great subtlety' and delicacy. Many scientists hav'e 
worked at it together with Professor Haeckel — 1 need only name our own 
Professor Balfour and Professor Ray Lankester— and the scheme is fairly 
complete. But the general reader must not expect that even so clear a 
writer as Haeckel can describe these intricate processes without demanding 
his very careful attention. Most of the chapters in the present volume 
(and the second volume will be less difficult) arc easily intelligible to all ; 
but there are points at which the line of argument is necessarily subtle and 
complex. In the hope that most readers will be induced to master even 
these more difficult chapters, I will give an outline of the characteristic 
argument of the work. Haeckel’s distinctive services in regard to man’s 
evolution have been: (i) The construction of a complete ancestral tree, 
though, of course, some of the stages in it are purely conjectural, and not 
final ; ( 2 ) The tracing of the remarkable reproduction of ancestral forms in 



PREFACE 


the embryonic development of the individual. Naturally, he has not 
worked alone in either department. The second volume of this work will 
embody the first of these two achievements ; the present one is mainly 
concerned with the latter. It will be useful for the reader to have a 
synopsis of the argument and an explanation of some of the chief terms 
invented or employed by the author. 

The main theme of the work is that, in the course of their embryonic 
development, all animals, including man, pass roughly and rapidly through 
a senes of forms which represents the succession of their ancestors in the 
p.xst. After a severe and extensive study of embryonic phenomena, 
Haeckel has drawn up a “law” (in the ordinary scientific sense) to this 
effect, and has called it “ the biogenetic law,” or the chief law relating to 
the evolution ( genesis ) of life ( btos ). This law is widely and increasingly 
accepted by embryologists and zoologists. It is enough to quote a recent 
declaration of the great .American zoologist. President D. Starr Jordan : 
“It IS, of course, true that the life-history of the individual is an epitome 
of the life-history of the race while a distinguished German zoologist 
(Sarasin) has described it as being of the same use to the biologist as 
spectrum analysis is to the astronomer. 

But the reproduction of ancestral forms in the course of the embryonic 
development is by no means always clear, or even always present. 
.Many of the embryonic phases do not recall ancestral stages at 
all. They mav have done so originally, but we must remember that 
the embrjonic life itself has been subject to adaptive changes for 
millions of years. .Ml this is clearly explained by Professor Haeckel. 
For the moment, I would impress on the reader the vital importance 
of fixing the distinction from the start. He must thoroughly familiarise 
himself with the meaning of five terms. Biogeny is the development 
of life in gener.ll (both in the individual and the species), or the 
sciences describing it. Ontogeny is the dcNelopment (embr\'onic and 
post-embryonic) of the individual (on), or the science describing it. 
Phytogeny is the development of the race or stem f phulon ), or the science 
describing it. Roughly, ontogeny may be taken to mean embryology, and 
phytogeny what we generally call evolution. Further, the embryonic 
phenomena sometimes reproduce ancestral forms, and they are then 
called pahngenctic (from patm — again) : sometimes they do not recall 
ancestral forms, but are later modifications due to adaptation, and they are 
then called ccnogenctic (from kenos = new or foreign). These terms are 
now widely used, but the reader of Haeckel must understand them 
thoroughly. 

The first five chapters are an easy account of the history of embryoli^fy 
and evolution. The sixth and seventh give an equally clear account of 
the sexual elements and the process of conception. But some of the 
succeeding chapters must deal with embryonic processes so unfamiliar, 
and pursue them through so wide a range of animals in a brief space. 
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that, in spite of the 200 illustrations, they will offer difficulty to many a 
reader. As our aim is to secure, not a superficial acquiescence in 
conclusions, but a fair comprehension of the truths of science, we have 
retained these chapters. However, I will give a brief and clear outline of 
the argument, so that the reader with little leisure may realise their value. 

When the animal ovum (egg-cell) has been fertilised, it divides and 
sub-divides until we have a cluster of cohering cells, externally not unlike 
a raspberry or mulberry. This is the morula (= mulberry) stage. The 
cluster becomes hollow, or filled with fluid in the centre, all the cells 
rising to the surface. This is the Mastula (hollow ball) stage. One half 
of the cluster then bends or folds in upon the other, as one might do with a 
thin indiarubber ball, and we get a vase-shaped body with hollow interior 
(the fii^t stomach, or “primitive gut”), an open mouth (the first or 
“primitive mouth”), and a wall composed of two layers of cells (two 
“germinal layers ”). This is the gastrula (stomach) stage, and the process 
of its formation is called gastrulahon. k glance at the illustration on 
p. 61 will make this perfectly clear. 

So much for the embr\onic process in itself. The application to 
evolution has been a long and laborious task. Bricfl} , it was necessary to 
show that all the multicellular animals passed through these tlirce stages, 
so that our biogenetic law would enable us to recognise them as 
reminiscences of ancestral forms. This is the work of Chaps. Vlll. 
and IX. The difficulty can be realised in this way : .\s we reach the 
higher animals the ovum has to take up a large quantity of >clk, on which 
it may feed in developing. Think of the bird’s “egg.” The effect of this 
was to flatten the germ (the morula and blastula) from the first, and so 
give, at first sight, a totally different complexion to what it h.is in the 
lowest animals. When we pass the reptile and bird stage, the large )clk 
almost disappears (the germ now being supplied with blood b> the mother), 
but the germ has been permanently altered in shape, and there are now a 
number of new embryonic processes (membranes, blood-vessel connections, 
etc.). Thus it was no light task to trace the identity of this process of 
gastrulation in all the animals. It has been done, however; and w'ith this 
introduction the reader will be able to follow the proof. The conclusion is 
important. If all animals pass through the curious gastrula stage, it must 
be because they all had a common ancestor of that nature. To this 
conjectural ancestor (it lived before the period of fossilisatioii begins) 
Haeckel gives the name of the Gasircea, and in the second volume we shall 
see a number of living animals of this type (“ gastraeads ”). 

The line of argument is the same in the next chapter. After laborious 
and careful research (though this stage is not generally admitted in the 
same sense as the previous one), a fourth common stage was discovered, 
and given the name of the Calomula. The blastula had one layer of cells, 
the blttsioderm {derma = skin) : the gastrula two layers, the ectoderm. 
(“outer skin”) and entoderm (“inner skin ”). Now a third layer [mesoderm 
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= middle skin) is formed, by the growth inwards of two pouches or folds 
of the skin. The pouches blend together, and form a single cavity (the 
body cavity, or ccelom), and its two walls are two fresh “germinal 
layers.” Again, the identity of the process has to be proved in all the 
higher classes of animals, and when this is done we have another ancestral 
stage, the Caelormea. 

The remaining task is to build up the complex frame of the higher 
animals — always showing the identity of the process (on which the 
evolutionary argument depends) hi enormously different conditions of 
embryonic life — out of the four “germinal layers.” Chap. IX. prepares 
us for the work by giving us a veiy’ clear account of the essential structure 
of the back'boned (vertebrate) animal, and the probable common ancestor 
of all the vertebrates (a small hsh of the lancelet type). Chaps. XI. -XIV. 
then carry out the construction step by step. The work is ndw simpler, in 
the sense that we leave all the invertebrate animals out of account ; but 
there are so many organs to be fashioned out of the four simple layers that 
the reader must proceed carefully. In the second volume each of these 
organs will be dealt with separately, and the parallel will be worked out 
between its embryonic and its phylogenetic (evolutionary) development 
The general reader may wait for this for a full understanding. But in the 
meantime the wonderful story of the construction of all our organs in the 
course of a few weeks (the human frame is perfectly formed, though less 
than two inches in length, by the twelfth week) from so simple a material 
is full of interest. It would be useless to attempt to summarise the 
process. The four chapters are themselves but a summaiy of it, and the 
eighty fine illustrations of the process will make it sufficiently clear. The 
last chapter carries the story' on to the point where man at last parts 
company with the anthropoid ape, and gpves a full account of the 
membranes or wrappers that enfold him in the womb, and the connection 
with the mother. 

In conclusion, I would urge the reader to consult, at his free library 
perhaps, the complete edition of this work, when he has read the present 
abbreviated edition. Much of the text has had to be condensed in order to 
bring out the w'ork at our popular price, and the beautiful plates of the 
complete edition have had to be omitted. The reader will find it an 
immense assistance if he can consult the library edition. 

Joseph McCabe. 

CncUevutodt March, lyoO. 



HAECKEL’S CLASSIFICATION OF THE ANIMAL 
WORLD 


Unleellalap animals (Protozoa) 

Unnucleated ) Moncra 


Multicellular animals (Metazoa) 


OoBlenterla. 
Coalenterata, or 
Zoophytes. 


j Hydroroa 
T Poljps 
■•H Medusa; 

n*l.itot1.in.-i 
J TurbelUiria 
'| Tremalodu 
(Ccstixla 
1 Rotatoria 
I StrofiKJ lari.i 

Kia 

Krontoiiia 


CoBlomaria or 
Bllaterals. 
Xnimals « ith bod\ - 
cat It V and anus,' 
and f^encrally 
blood. 


VThahdiie 
I Acrania-L.iiu 
( ^without skull' 
I II. Craniol.i 
I (nitli skull) 


• This duadicKtion i« ^toi for the purpoae of explainiiw Haeckel a uae of tetma 
voluiite. The general moor ahouU bear m mind that it dinrn very comwlerably froi 
icoent a rl i ri noi of daiaiifiratioo. Ue ahouU compare the adienie inuned by Profeawr 



THE EVOLUTION OF MAN 


Chapter I. 


THE FUNDAMENTAL LAW 


ral phenomena into | 
winch 1 would introduce my readers in 
the following ch<ipters has a quite peculiar j 
place in the broad realm of scientific ! 
inquiry. There is no object of investiga- 
tion that touches man more closely, and I 
the knowledge of which should be more ' 
acceptable to him, than his own frame, j 
Hut among all the \arious branches of. 
the n.itural history of mankind, or anthro- ' 
fHiloirv, the story of his development by 
natural means must excite the most lively 
interest. It gives us the key of the grea’t 
world-riddles ,it which the human mind 
has bc*c'n working for thous.inds of years 
The problem of the nature of m.in, or the 
question of man’s place in nature, and the 
cognate inquiries as to the p.ist, the earliest ' 
history, the present situation, and the 
future of hum.inity — all these most impor- 
tant questions are directly .and intimatciv 
connectcxl w'lth th.it bninc’h of study which ' 
we call the science of the evolution of, 
m.in, or, in one word, “ Anthropogeny ” , 
(the genesis of m.in) Yet it is .in astonish- ; 
mg fact th.it the science of the evolution ' 
of m.in diK's not even yet form part of the 
scheme of general education. In f.ict, 
educated people even in our d.ay are for | 
the most part quite ignorant of the inipor- I 
lant truths and remarkable phenomena 
which anthropogeny teaches us. I 

As an illustration of this curious state I 
of things, it may he pointed out that most 
of what arc considerc'd to be “educated” 
pcHiple do not know that every huniiin 
being is developed from an egg, or ovum, 
and that this egg is one simple cell, like 
any other plant or animal egg. They are 
equally ignorant that in the course of the 
development of this tiny, round egg-cell 
there is first formed a body that is totally 
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different from the human frame, and has 
not the remotest resemblance to it. Most 
of them have never seen such a human 
embryo in the earlier period of its develop- 
ment, and do not know' that it is quite 
indistinguishable from other animal em- 
bryos. At first the embryo is no more 
than a round cluster of cells, then it 
becomes a simple hollow' sphere, the wall 
of w'hich is composed of a layer of cells, 
l-ater it approaches very closely, at one 
period, to the anatomic structure of the 
lanctilet, afterw'ards to that of a fish, and 
.igain to the typical build of the amphibia 
and mammals. .\s it continues to develop, 
a form appears which is like those we find 
•It the lowest st^e of mammal-life (such 
as the duck-bills), then a form that 
resembles the marsupials, and only at a 
late stage a form that has a resemblance 
to the ape , until at last the definite human 
form emerges and closes the series of 
tninsformations. These suggestive facts 
are, as I said, still almost unknown to the 
general public— so completely unknown 
that, if one casually mentions them, they 
are called in question or denied outright 
as fairv-tales. Everybody knows that the 
butterfiy emerges from the pupa, and the 
pupa from a quite different tiling called a 
larva, and the larva from the butterfly’s 
egg But few besides medical men are 
aw .ire th.it tMn, in the course of his 
individual formation, passes through a 
series of transformations which are not 
less surprising and wonderful than the 
f.iniiliar metamorphoses of the butterfly. 

The mere description of these remark- 
able changes through which man passes 
during his embryonic life should arouw 
considerable interest. But the mind wrill 
experience a far keener satisfaction when 
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we trace these curious facts to their 
causes, and when we learn to behold in 
them natural phenomena which are of 
the highest importance throughout the 
whole held of human knowledge. They 
throw light first of all on the “ naturm 
histon'of creation,” then on psychology, 
or “ the science of the soul,” and through 
this on the whole of philosophy. And as 
the jfeneral results of every' branch of 
inquiry are summed up in philosophy, all 
the sciences come in turn to be touched 
and influenced more or less by the study 
of the evolution of man. 

But when I say that I propose to 
present here the most important features 
of these phenomena and trace them to 
their causes, 1 take the term, and I 
interpret mv task, in a very much wider 
sense than is usual. The lectures which 
ha\e been delivered on this subject in the 
universities dunng the last half-century 
are almost exclusively adapted to medical 
men. Certainly, the medical man has 
the greatest interest in studying the origin 
of the human body , with w nich he is d.iily 
occupied. But I'must not give here this 
special description of the embryonic pro- 
cesses such as It has hitherto b^n given, 
as most of my readers have not studied 
anatomy, and are not likely to be en- 
trusted * with the care of the adult 
org^ism. 1 must content myself with 
giving some parts of the subject only in 
general outline, and must not enter upon 
till the marvellous, but very intricate and 
not easily described, details tliat are found 
in the story of the development of the 
human frame. To understand these 
fully a knowledge of anatomy is needed 
I will endeavour to be as plain as possible 
in dealing with this branch of science 
Indeed, a sufficient general idea of the 
course of the embryonic development of 
man can be obtained without going too 
closely into the anatomic details. I trust 
we may be able to arouse the same interest 
in this delicate field of inquiry as has been 
excited already in other branches of 
science ; though we shall meet more 
obstacles here than elsewhere. 

The story of the evolution of man, as it 
has hitherto been expounded to medical 
students, has wuially been confined to 
embryology — more correctly, ontogeny — 
or the science of the development of the 
individual human organism. But this is 
really only the first part of our task, the 
first half of the story of the evolution of 
man in that wider sense in which we 


understand it here. We must add as the 
second half — as another and not less 
important and interesting branch of the 
science of the evolution of the human 
stem— pAy/ogeny . tliis may be described 
as the science of the evolution of the 
various animal forms from which the 
human organism has been developed in 
the course of countless .nges. Everybody 
now knows of the great scientific activity 
that iv as occasioned by the publication of 
Darwin's Origin of u's in 1859. Tlie 
chief dircvt consequence of this jiuhlica- 
tion was to iwovoke a fresh inquiry' into 
the origin of the human race, and this 
has provc-d beyond question our gradual 
evolution from the lower species We 
give the name of “Phylogeny ” to the 
science which describes’ this "ascent of 
man from the lower r.inks of the animal 
world The chief source that it dr.iws 
upon for facts is “ Ontogeny,” or embry- 
ologv, the science of the development of 
the individual organism. Moreover, it 
derives a gixvd deal of support from 
paleontology, or the science of fossil 
remains, and ev en more from comparativ e 
anatomy, or morphology. 

These two branches of our science — on 
the one side ontogeny or embryology, and 
on the other phy logeny , or the science of 
race-ev olution— are most vitallyconnc'Cted. 
The one cannot be understood without 
the other. It is only when the two 
branches fully co-operate and supplement 
each other that " Biogeny ” (or the 
science of the genesis of life in the widest 
sense) attains to the r.ink of a philosophic 
science. The connection between them 
is not external and superficial, but pro- 
found, intrinsic, and causal. This is a 
discovery made by recent research, and it 
is most clearly and correctly expressed 
in the comprehensive law' which 1 have 
called " the fundamental law of organic 
evolution,” or "the fundamental law of 
biogeny.” This general law, to which we 
shall find ourselves constantly recurring, 
and on the recognition of which depends 
one’s whole insight into the story of 
evolution, may be briefly expressed in the 
phrase : " The history of the foetus is a 
recapitulation of the histoi^ of the race ”; 
or, in other words, "Ontogeny is a 
recapitulation of phylogeny.” It may be 
more fully stated as follows : The scries 
of forms through which the individual 
organism passes during its development 
from the ovrum to the complete Ixidily 
structure is a brief, condonsM repetition 



THE FUNDAMENTAL LAW OF ORGANIC EVOLUTION 


of the long series of forms which the 
animal ancestors of the said organism, or 
the ancestral forms of the species, have 
passed through from the earliest period of 
organic life down to the present day. 

The causal character of the relation 
which connects embryology with stem- 
history is due to the action of heredity | 
and adaptation When we have rightly j 
undcrstoixi these, and recognised their ! 
great importance in the formation of | 
organisms, we can go a step further and | 
say : Phylogenesis is the mechanical 
cause of ontogenesis ' In other words, | 
the development of the stem, or race, is, j 
in accordance with the laws of heredity ■ 
.ind adaptation, the cause of all the | 
changes which appear in a condensed ! 
form in the evolution of the fuetus 

'File chain of manifold animal forms 


which represent the ancestrj of each 
higher organism, or even of man, accord- 
ing to the theory of descent, alwa\ s form a 
connected whole. We may designate 
this uninterrupted senes of forms with 
the letters of the alphabet * A, B, C, D, 
B, etc , to Z. In apparent contradiction 
to what I have said, the sloiy of the 
development of the individual, or the 
ontogeny of most organisms, only offers 
to the obsener a p.irt of these forms , so 
that tlie defective series of embryonic 
forms would run A, B, D, F, H, K, M. 
etc , or, in other cases, B, L), H, L, M, 
N, etc. Here, then, as a rule, several of 
the cvolution.iry forms of the original 
senes have fallen out Moreover, we often 
find — to continue with our illustr.Uion 
from the alphabet— one or other of the 
original letters of the ancestral senes 
represented by corresponding letters from 
a different alph.ibet. Thus, instead of 
the Roman B and D, vve often h.ave the 
Greek B and A In this case the text of 
the biogenetic law h.is been corrupted, 
just as It h.id been abbrcvi.itcd in the pre- 
icding case But, in spite of alt this, the 
series of ancestral forms rem.iins the 
same, and wc arc in a position to discover 
Its original complexion. 

In reality, there is always a certain 
parallel between the two evolutionary 
series. But it is obscured from the fact 


• The tomi " gcnisiim" which ncvuni^ thnniwhout, 
meeac of courao, "birth** iir on^n Krocn thin wc 
get Buirmy -• the onion of lift, (iua), Anlhio- 
poweny <*■ the orupn of ninn , Ontonyn) 

~ the onxin of the indivHliuilfMj, Phyloircnv » the 
on«in of the apecmi (fktibm)) and •» on In each 
caee the tenn may refer to the Pniceia itaelf, or to the 
science dcscribiBa the proceea.— Traiis. 


that in the embryonic succession much 
is wanting that certainly existed in the 
earlier ancestral succession. If the parallel 
of the two series were complete, and if 
this great fundamental law affirming the 
causal connection between ontogeny and 
phyiogeny in the proper sense of the word 
were directly demonstrable, we should 
only have to determine, by means of the 
microscope and the dissecting knife, the 
series of forms through which the ferti- 
lised ovum passes in its development; 
we should then have before us a complete 
picture of the remarkable series of forms 
which our animal ancestors have succes- 
sively assumed from the dawn of organic 
life dow’n to the appearance of man. But 
such a repetition ot the ancestral histoiy 
by the individual in its embryonic life is 
very rarely complete. We do not often 
find our full alphabet. In most cases the 
correspondence is verj' inmerfect, being 
greatly distorted and falsified by causes 
which we will consider later. We are 
thus, for the most part, unable to deter- 
mine in detail, from the study of its 
embryologj, all the different shapes 
which an organism's ancestors have 
assumed ; we usually — and especially in 
the case of the human foetus — encounter 
many gaps It is true that we can fill up 
most of these gaps satisfactorily with the 
help of comparative anatomy, but wc 
cannot do so from direct cmbryological 
observation. Hence it is important that 
we find a larjje number of lower animal 
forms to be still represented in the course 
of man’s embryonic development. In 
these cases we may draw our conclusions 
with the utmost security as to the nature 
of the ancestral form from the features of 
the form which the embryo momentarily 
assumes. 

To give a few examples, we can infer 
from the fact that the human ovum is a 
simple cell that the first ancestor of our 
species was a tiny unicellular being, 
something like the amoeba. In the same 
way, wc know, from the fact that the 
human foetus consists, at the first, of two 
simple cell-layers (the jporfm/a), that the 
gasfnea, a form with two such layers, 
was certainly in the line of our ancestiw. 
.A later human embryonic form (the 
ckoniula) points just as clearly to a worm- 
like ancestor (the ptvehordonia), the 
nearest living relation of which is found 
among the actual ascidUe. To this suc- 
ceeds a most impprtant embryonic stage 
(acroHia }, in which our headless foetus 
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presents, in the main, the structure of 
the lancelct. But we can only indirectly 
and approximately, with the aid of com- 
parative anatomy and ontogenj-, conjec- 
ture what lower forms enter into the chain 
of our ancestrj’ between the ^straca and 
the chordula, and between this and the 
lancelet. In the course of the historic.it 
development many intermediate struc- 
tures ha\e gradually fallen out, which 
must certainly have been rwirescntcd in 
our ancestrj'. But, in spite of these man> , 
and somet'imes ven' appreciable, gaps, 
there is no contradiction between the two 
successions. In fact, it is the chief pur- 
pose of this work to prove the real har- 
inon} and the original parallelism of the 
two. 1 hope to shoi\, on a substantial 
basis of facts, tliat we c.m draw most 
important conclusions as to our genea- 
iogic.ll tree from the actual .ind c.isih- 
demonstrable senes of cmbnonic ch.ingcs. 
We shall then be in .i position to form .1 
general idea of the we.ilth of .inimal forms 
which have figured in the direct line of 
our ancestry in the length) histor) of 
organic life. 

In this evolutionar) appreciation of the 
(acts of embryolog)' we must, of course, 
take particular care to distinguish sharpi) < 
and clearly between the primitiic, palm- 
genetic (or ancestral) evolutionary pnv 
cesses and those due to cenogenesis ' 
By palint'i'netic processes, or embryonic 
recapitulations, we underst.ind all those 
phenomena in the development of the 
individual which arc transmitted from one 
generation to .mother by heredity, and 
which, on that account, allow us to dr.iw 
direct inferences as 10 corresponding 
structures m the development of the 
species. On the other h.md, we give the 
name of cenof'cnetic processes, or embry- 
onic variations, to till those phenomena m 
the fetal development that cannot be 
traced to inheritance from earlier species, 
but are due to the adaptation of the fetus, 
or the infant-form, to certain conditions of 
its embryonic development. These ceno- 
gcnetic phenomena arc foreign or later 
additions ; they allow us to draw no 
direct inference whatever as to corre- 
sponding processes m our ancestral 
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history, but rather hinder us from doing 
so. 

This careful discrimination between the 
primary or palingenctic processes and the 
secondary or cenogenetic is of great 
importance for the purposes of the scien- 
tific history of a species, which has to 
draw conclusions from the available facts 
of embryology, comparative anatomy , and 
paleontology, as to the processes in the 
formation of the species m the remote 
past It is of the s.ame importance to the 
student of evolution as the careful distinc- 
tion between genuine .md spurious texts 
in the works of .m ancient writer, or the 
purging of the real text from interpola- 
tions and alterations, is for the student of 
philology. It IS true th.it this distinction 
has not yet been fully npprcii.itcd by many 
scientists For my p.irt, 1 regard it as 
the first condition for forming any just 
ide.i of tlic evolution.'iry process, .iiid I 
believe th.it we must, m .nccord.mic with 
It, divide embryology into two sections - 
p.'ilmgenesis, or the science of rc'c.ipitu- 
iated forms , and cenogenesis, or the 
science of supervening structures 

To give at once a few ex.imples from 
the science of man’s origin m illustration 
of this imporbint distinction, 1 m.iy 
instance the following processes m the 
embryology of m.in, .md of all the higher 
vertebrates, as pahn/^enetn the form.ition 
of the two priin.iry germin.il l.iycrs and of 
the primitive gut, the undivided structure 
of tile dorsal nerve-tube, the anpcar.inte 
of a simple .ixi.il rixl between tlie medul- 
lary tube and the gut, the tempor.iry for- 
mation of the gill-clefts and .irches, the 
primitive kidneys, .ind so on.* .Ml these, 
.md m.my other import.tnt structures, 
have clearly been tr.insmittcd by a .ste-ady 
heredity Ironi the early ancestors of the 
m.immal, and .ire, therefore, direct mdic.i- 
tions of the presence of similar structures 
m the history of the stem. On the other 
h.md, this is certainly not the case w ith 
the follow ing embryonic forms, which we 
must describe as cenogenetic processes : 
the formation of the yelk-sac, the allantois, 
the placenta, the amnion, the serolemma, 
and the chorion— or, generally speaking, 
the v.arious fetal membranes and the cor- 
r^ponding changes in the blinxl vessels. 
Further insbinces are : the dual .structure 
of the heart c.ivity, the temporary division 
of the plates of the primitive vertebra: .md 
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lateni] plates, the secondary closing; of the 
\cntral and intestinal walls, the fnnnation 
of the navel, and so on. All these and 
many other phenomena are certainly not 
traceable to similar structures in any 
e.irlier and completely-developed ancestral 
fonn, but have arisen simply by adaptation 
to the peculiar conditions of embryonic 
life (within the foetal membranes). In 
view of these facts, we may now give the 
following more precise expression to our 
chief law of biogeny . — Tne evolution of 
the f(i»tus (or ontogenesK) is a condensed 
and abbreviated recapitulation of the evo- 
lution of the stem (or phylogenesis)-, and 
this recapitulation is the more complete in 
proportion as the original development (or 
pahng’nesis) is preserved by a constant 
hereditj , on the other hand, it becomes 
less complete in proportion as a varying 
.idaptation lo new conditions increases the 
disturbing f.ictors in the development (or 
cenogenests). 

The cenogcnctic alterations or distor- 
tions of the original p.ilingenctic course of 
development t.ikc the form, as a rule, of a 
gradual displ.iccmcnt of the phenomena, 
which is slowly effected bv adaptation to 
the changed conditions of embryonic 
existence during the course of thousands 
of yc.irs. This displacement may take 
place as regards cither the position or the 
lime of a phenomenon 

The great importance and strict regu- 
larity of the lime-variations in embryology 
have been carefully studied recently by 
Ernest Mehnert, in his /fiomechanik{}cn.i, 
1S98) He contends that our biogenetic 
law has not been impaired by the attacks 
of its opponents, .and goes on to say 
“Scarcely any piece of knowledge has 
contributed so much lo the adv<incc of 
embryology as this, its formulation is one 
of the most s1gn.1l services to general 
biology It was not until this law’ passed 
into the flesh and blood of investigators, 
.ind they had accustomed themselves to 
see a reminiscence of ancestral history in 
embryonic structures, that we witnessed 
the great progress which embry’ological 
research has made in the last two decades ” 
The best proof of the correctness of this 
opinion is that now the most fruitful work 
is done in all branches of embryology with 
the aid of this biogenetic l.ivv, and th.it 
it enables students to ntt.iin every ye.ir 
thousands of brilliant results th.it they 
would never liave reached without it. 

It is only when one appreciates the 
cenogenetic processes in relation to the 


palingenetic, and when one takes careful 
account of the changes which the latter 
may suffer from the former, that the 
radical importance of the biogenetic law 
is recognised, and it is felt to be the most 
illuminating principle in the science of 
evolution. In this task of discrimination 
it is the silver thread in relation to which 
we can arrange all the phenomena of this 
realm of marvels — the “ Ariadne thread,” 
which alone enables us to find our way 
through this labynnth of forms. Hence 
the brothers Sarasin, the zoologists, could 
say with perfect justice, in their study of 
the evolution of the Ichthyophts, that “ the 
great biogenetic law is just as important 
for the zoologist in tracing long-extinct 
processes as spectrum analysis is for the 
astronomer.” 

Even at an earlier period, w’hen a 
correct acqu-aintance with the evolution of 
the human and animal frame was only 
just being obtained — and that is scarcely 
eighty years ago I — the greatest astonish- 
ment w’as felt at the remarkable similarity 
observed between the embry’onic forms, 
or stages of foetal development, in very 
different animals ; attention was called 
even then to their close resemblance to 
certain fully-developed animal forms 
belonging to some of the lower groups. 
The older scientists (Oken, Trevnranus, 
and others) knew perfectly well that these 
lower forms in a sense illustrated and 
Axed, in the hierarchy of the animal world, 
a temporary stage in the evolution of 
higher forms. The famous anatomist 
Meckel spoke in 1821 of a “similarity 
between the development of the embryo 
and the series of animals.” Baer rais^ 
the question in 1828 how far, within the 
vertebrate ty'pc, the embryonic forms of 
the higher animals assume' the permanent 
shapes of members of lower groups. But 
It was impossible fully to understand and 
appreciate this remarkable resemblance 
at that time. We ow e our capacity to do 
this to the theoiy of descent , it is this 
that puts in their true light the action of 
heredity on the one hand and adaptation 
on the other. It explains lo us the vital 
I importance of their constant reciprocal 
action in the production of organic forms. 

I Darwin was the first to teach us the great 
part th.at was played in this by the cease- 
less struggle for existence between living 
things, and to show how, under the 
influence of this (by natural selection), 
new species were pt^uced and maintained 
solely by the interaction of heredity and 



6 THE FUNDAMENTAL LAW OF ORGA NIC E VOL UTION 


adaptation. It was thus Dara’inism that 
6rst opened our ej-es to a true comprehen* 
sion of the supremely important relations 
between the two parts of the science of 
on?anic evolution — Ontogeny and Phy- 
lomny. 

Heredity and adaptation arc, in fact, the 
two constructive phjsiological functions of 
li\’ing things ; unless we understand these 
properly we can make no headway in the 
study oY e\olution. Hence, until the time 
of Darwin no one had a clear idea of the 
real nature and causes of embryonic 
de\ elopment. It was impossible to explain 
the curious scries of forms through which 
the human embryo passed ; it was quite 
unintelligible why this strange succession 
of animal-like forms appeared in the series 
at all. It h.ad pre\iousl\ been gcnerall} 
assumed that the man was found complete 
in all his parts in the ovum, and that the 
dc\ elopment consisted onh in an unfolding 
of the \anous parts, a simple process of 
growth. This is b} no means the case. 
On the contrarj , the whole priKcss of the 
development ot the individual presents to 
the observer a connected succession of 
different animal-forms ; and these forms 
display a great vanety of external and i 
internal structure But whv each indi- 
vidual human being should pass through 
this series of forms in the course of his 
embrvonic development it was quite im- 
possible to sav until Lamarck and Darwin 
established the theory of descent. Through 
this theory we have at last delected the 
real causes, the efficient cauies, of the 
indiv idual development , we h.-ive learned 
that these mechanual causes suHice of 
themselves to effect the formation of the 
organism, and that there is no need of the 
final causes which were fonncriy assumed. 
It is true that in the academic philos^hics 
of our time these final c.auscs still ngurc 
very prominently ; in the new philosophy 
of nature we can entirely replace them by 
efficient causes. We shall see, in the 
course of our inquiry, how the most 


If the new science of evolution had done 
no more than this, every thoughtful man 
would have to admit that it had accom- 
plished an immense advance in knowledge. 
It means that in the whole of philosophy 
that tendency w hich we call monistic, in 
opposition to the dualistic, which h.is 
hitherto prevailed, must be accepted.* At 
this point the science of human evolution 
has a direct and profound bearing on the 
foundations of philosophy. Modern an- 
1 thropology has, by its astounding dis- 
j coveries during the second half of the 
' nineteenth century, compelled us to t.ike 
\ .1 completely monistic v icw of life. Our 
' bodily structure and its life, our embry- 
I onic development and our evolution as a 
I species, te.ich us that the s.inie laws of 
' n.iture rule in the life of man .is in the 
! rest of the univerM? For this reason, if 
for no others, it is dcsinible, n.iv, indispen- 
s<ihle, that ev erv m.in who wislies to form 
a serious .md pfiilosuphic v lew of life, .ind, 
.ibove all, the expert philosopher, sliould 
.aquaint himself with the chief facts of 
this branch of science. 

The facts of embryology have so great 
and obvious a signilicance in this connec- 
tion that even in recent ye.irs dualist 
and teleological philosophers h.ive tried to 
rid themselves of them by simply denying 
them This wms done, for inst.ince, .is 
reg.irds the fact th.it man is developed 
from an egg, and that this egg or ovum 
IS .1 simple cell, as in the case of other 
animals. When 1 h.id expl.iined this 
pregnant f.ict and its significance in 
my History of Creation, it was described 
in many of the theological journals .is a 
I dishonest invention of my ow'ii The f.ict 
that the embryos of man <ind the dog are, 
at .1 certain stage of their development, 
almost indistinguishable was also denied. 
When we cx.imine the huiruin embryo in 
the third or fourth week of its develop- 
ment, we find it to be quite different in 
sh<ipe and structure from the full-grown 
human being, but almost identical with 


proved amenable to a mechanical explana- 
tion, by causes acting without prevision, 
throuj^h Darwin’s reform of the science of 
evolution. We have ev eryw here been able 
to substitute unconscious causes, acting 
from necessity, fur conscious, purposive 
causes.' 


I well aji in inoi^nntc chaneoii. On the i>thrr 
ic dunliNt or^vitaliMt philo«oph> of naturc^Hmi 


ft reipardu the wlidc of nature u one« and 
lictent cauncs at work in it. IhialiMAt on 
r. holds that nnture and s^t. matter and 
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other mammals, at the same stage of I science of evolution and all its parts. 


ontogeny. We find a bean-shaped body 
of very simple construction, with a tail 
below and a pair of fins at the sides, 
something like those of a fish, but very 
different from the limbs of man and the 
mammals. Nearly the whole front half 
of the body is taken up by a shapeless 
head without face, at the sides of which j 
we find gill-clefts and arches as in the . 
fish. At this stage of its development the 
human embryo docs not differ in any ! 
essential detail from that of the ape, dog, i 
liorse, ox, etc , at a corresponding period , 
Tills important fact can easily be verified 
at any moment by a comparison of the 
embrjos of man, the dog, rabbit, etc. 
Nevertheless, the theologians and dualist 
philosophers pronounc^ it to be a 
materialistic invention ; even scientists, 
to whom the facts should be known, have 
sought to dcn\ them. 

There could not be a clearer proof of 
(he profound importance of those embryo- 
logical facts m favour of the monistic 
philosophy than is afforded by those efforts 
of Its opponents to get rid of them by 
silence or denial. The truth is that these 
facts arc most inconvenient for them, and 
arc quite irreconcilable ith their view s. 
VW must be all the more pressing on our 
side to put them in their proper light. I 
fully agree with Hu.\le> when he s,iys, in 
Ins Man's Plate tn Nature; “Tliough 
these facts are ignored by several well- 
known popular leaders, they are easy to 
prove, .md .arc accepted by all scientific 
men , on the other h.-ind, their import.ance 
IS sv) gie.it th.it those who h.ive once 
m.islered them w ill, in my opinion, find ' 
few otliei biologicril discoveries to astonish 
them.” 

We sh.ill m.ike it our chief task to 
study the evolution of man’s bodily frame 
and Its various organs in their external 
form and internal structures. But I may 
observe at once th.at this is accompanied 
step by step with a study of the evolution 
of their functions. These two br.inchcs 
of inquiry arc inseparably united in the 
whole of anthropology, just as in zoology 
(of which the fonner is only a section) or 
general biology'. Everywhere the peculiar 
form of the organism and its structures, 
internal and external, is dircctlv related 
to the special physiological functions 
which the oi^nism or organ has to 
execute. This intimate connection of 
structure and function, or of the instrument 
and the work done by it, is seen in tJie 


Hence the story of the evolution of 
structures, which is our immediate con- 
cern, is also the history of the develop- 
ment of functions ; and this holds good 
of the human organism as of any other. 

At the same time, 1 must admit that 
our knowledge of the evolution of functions 
is very far from being as complete as our 
acquaintance with the evolution of struc- 
tures One might say, in fact, that the 
whole science of evolution h^ almost 
confined itself to the study of struc- 
tures , the evolution of functions hardly 
exists even in name. That is the fault of 
the physiologists, who have as yet con- 
cerned themselves very little about evolu- 
tion. It is only tn recent times that 
physiologists like W. Engelmann, W. 
Preyer, M. Verworn, and a few others, 
have attacked the cv olution of functions. 

It will be the task of some future 
physiologist to engage in the study of the 
evolution of functions with the same zeal 
and success as has been done for the 
evolution of structures in morphogeny 
(the science of the genesis of formsy 
Let me illustrate the close connection of 
the two by a couple of examples. The 
heart in the human embryo has at first a 
very simple construction, such as we find 
in permanent form among the ascidiae 
and other low organisms ; w ith this is 
associated a v ery simple system of circu- 
l.ition of the blood. Now, when we find 
that with the full-grown heart there 
comes a totally different and much more 
intricate circulation, our inquiry into the 
development of the heart becomes at 
once, not only an anatomical, but also a 
physiological, studv Thus it is clear 
that the ontogeny of the he.irt can only be 
understood in the light of its phylogeny 
(or development in the past), both as 
regards function and structure. Tlic 
same holds true of all the other organs 
and their functions. For instance, the 
science of the evolution of the alimentary 
I canal, the lungs, or the sexual organs, 

> gives us at the same time, through the 
exact comparative investigation of struc- 
ture-development, most important infor- 
mation with regard to the evolution of 
the functions of these organs. 

This significant connection is very 
clearly seen in the evolution of the nervous 
sy-stem. This system is in the economy 
of the human bixly the medium of sensa- 
tion, will, and even thought, the highest 
of the psychic functions ; in a word, of 
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all the various functions which constitute 
the proper object of psychology. Modem 
anatomy and physiology have proved that 
these psychic functions are immediately 
dependent on the fine structure and the 
composition of the central nervous sv stem, 
or the internal texture of the bram and 
spinal cord. In these we find the et.ibo> 
rate cell-machineiy, of which the psychic 
orsoul'life is the physioK^icai function. 
It is so intricate that most men still kavk 
upon the mind as something supernatural 
that cannot be explained on mechanical 
principles. 

But embrvological research into the 
gradual appearance and the formation of 
this important system of organs yields 
the most astounding and significant 
results. The first sketch of a central 
nervous system in the human embryo 
presents the same very simple type as in 
the other vertebrates.* spinal tube is 
formed in the external skin of the back, 
and from this first comes a simple spinal 
cord without brain, such as ae find to be 
the permanent psychic organ in the lowest 
type of vertebrate, the smphiozut. Nut 
until a later stage is a brain formed at 
the anterior end of this cord, and then it 
is a brain of the most rudimenury kind, 
such as we find permanently among the 
lower fishes This simple brain dev elopes 
step by step, successively assuming forms 
which correspond to those of the amphibia, 
the reptiles, the duck-bills, and the lemurs 
Only in the last stage docs it reach the 
highly organised form which distin- 
guishes the apes from the other verte- 
brates, and which attains its full develop- 
ment in man 

Comparative physiology discovers a 
precisely similar growth. The function 
of the brain, the psychic activity, rises 
step by step with the advancing develop- 
ment of its structure. 

Thus we are enabled, by this story of 
the evolution of the ncrv'ous system, to 
understand at length the natural develop- 
ment of the human mtnd and its gradual 
unfolding. It is only with the aid of 
embryology that we can grasp how these 
highest and most striking faculties of the 
animal organism have been historically 
evolved. In other words, a knowledge 
of the evolution of the spinal cord and 
brain in the human embryo leads us 
directly to a comprehension of the historic 
development (or phylogeny) of the human 
mind, that highest of all faculties, w'hich 


and supernatural in the adult man. This 
is certainly one of the greate.st and most 
pregn.int results of cv'olutionary science. 
Happily our embryological knowledge of 
man’s central nervous system is now’ so 
adequate, and agrees .so thoroughly with 
the complementary’ results of comparative 
anatomy and physiology, that we arc thus 
cnabic'd’to obtain a clear insight into one 
of the highest problems ol philosophy, 
the phylogeny of the soul, or the ancesti.il 
history of the mind of m,in Our chief 
support in this comes from the embrv il- 
logical study of it, or the ontogeny of the 
soul. This important section of psycluv 
logy owes its origin especi.illy to W. 
Preyer, in his interesting works, such as 
The Muuiof the Child The Rwenibhy of 
a liabv (iqixi), of Mihcent Washburn 
Shinn, also deserves mention [See also 
Preyer’s MenUil Development in the Child 
(tr.insl.ition), .ind Sully 's Studies oj Child- 
hood and Childnn's ll'avs ) 

In this wav we follow the only path 
.along which we m.iv hope to re.uh the 
solution of this diftkult problem 

Thirty-six ye.irs h.ive now einpsc’d since, 
in my (lenenil Aforpholotre, I establishcHi 
phylogenv as .in indepc-ndent science .ind 
show^ hs intimate caus.il connection 
with ontiigcny , thirty years h.ive p.issed 
since 1 gave in my "g’.istr.c.i-theory the 
prcxif of the justice of this, .ind complelc’d 
It with the theory of germin.il l.iyers 
When we look b.i’ik on this period we 
m.iy ask, What h.is been accomphshe'd 
during It by the fund.imental l.iw of 
biogeny ? It we are impirti.il, we must 
reply that it has proved its ferlihtv in 
hundrc’ds of sound results, .md that by 
Its aid we have .acquired .avast fund of 
knowledge which we should never h.ive 
obt.ained w ithout it. 

There has been no dearth of attacks — 
often violent attacks— on my conception 
of an intim.ite causal connection betwc*en 
ontogenesis and phylogenesis ; hut no 
other satisfactory explanation of these 
important phenomena has yet been 
oircrcd to us I say this especi.illy with 
regard to Wilhelm His's theory of a 
“ mcchanic.'il evolution,” which questions 
the truth of phylogeny generally, and 
would explain the complicated cmbi^onic 
processes without going beyond by simple 
physical changes— such as the bending 
and folding of leaves by electricity, the 
origin of cavities through unequal strain 
of the tissues, the formation of procc*sses 
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fact is that these embryological (>heno- lonp ancestry series, or in the physio- 
mena themselves demand explanation in logical functions of heredity and adapta- 
tum, and this can only be found, as a tion. 
rule, in the corresponding changes in the 


Chapter II. 

THE OLDER EMBRYOLOGY 


It is in many wajs useful, on entering 
upon the study of any science, to cast a 
gl.ince.it its histuric.il dcielopment The 
s.t}ing that “everything is best under- 
stood in Us jjfrowth ” has a distinct appli- 
cation to science While we follow its 
gradual deielopment we get a clearer in- 
sight into its aims and objects Moreoter, 
w e shall see that the present condition of 
the science of human esolution, with all 
Its characteristics, can only be rightly 
understood w hen we examine its historic<tl 
growth This task will, howeier, not' 
detain us long The study of man’s c\o- 
lution IS one of the latest branches of 
natural scienie, whether you consider the 
embryological or the phylogenetic section ' 
of It. ’ I 

.Ap.irt from the few germs of our science ^ 
winch we find in classical antiquity, and ' 
which we sh.ill notice presently, we may 
s,iy that it t.ikcs its definite rise, as a , 
science, in the year 1759, when one of, 
the greatest Uerman scientists, C<ispar j 
Friedrich U'olff, published his Theorta I 
f^enfrattonis. That was the foundation- 
stone of the science of animal embryology. 
It was not until fifty years l.iter, in i8oq, 
that Jean Lamarck published his Phtlo- 
sophie Zoolof^ifue— the first effort to pro- 
tide a base for the theory of evolution; 
and it was another half-century before 
Darwin’s work appeared (in 1859), which 
we may regard as the first scientific ' 
attainment of this aim. But before we 
go further into this solid establishment of ! 
evolution, we must cast a brief glance at | 
that famous philosopher and scientist of I 
antiquity, w ho stood alone in this, as in j 
many other branches of science, for more 
than 2,000 years : the “ father of natural 
history,” Anstotle. ‘ 


The extant scientific works of .\ristotIe 
deal with many different sides of bio- 
logical research , the most comprehensive 
of them IS his famous History of A mmals. 
But not less interesting is the smaller 
W'ork, On the Generation of Animals ( Pen 
soon geneseos) This work treats espe- 
cially of embryonic development, and it is 
of great interest as being the earliest of 
Its kind and the only one that has come 
dow'n to us in any completeness from 
classical antiquity. 

.Anstotle studied embry'ological ques- 
tions in various classes of animals, and 
among the lower groupis he learned many 
most remarkable facts which we only re- 
discovered between i8yo and i860 It 
is certain, for instance, that he was 
acquainted with the very peculiar mode 
of propagation of the cuttlivfishcs, or 
cephalopods, in which a yelk-sac hangs 
out of the mouth of the fretus. He knew , 
also, that embryos come from the eggs of 
the bee even vvhen they have not been 
fertilised. This “ parthenogenesis ” (or 
virgin-hirtli) of the bees has only been 
established in our time by the distin- 

S iished zoologist of Munich, Siebold. 

e discovered that male bees come from 
the unfertilised, and female bees only from 
the fertilised, eggs. Aristotle further 
stales that some kinds of fish^ (of the 
^enus serranus'^ are hermaphrodites, each 
individual having both male and female 
or^ns and being able to fertilise itself ; 
this, also, has been recently confirmed. 
He knew that the embryo of many fishes 
of the shark family is attached to the 
mother’s body by a sort of placenta, or 
nutntivc organ very rich in blood ; apiart 
from these, such an arrangement is only- 
found among the higher mammals and 
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man. This placenta of the shark was 
looked upon as le^ndar> for a long time, 
until Joh.innes Muller proved it to be a 
fact in 1839. Thus a number of remark- 
able discoveries w ere found in Aristotle’s 
embryological work, proving a very good 
acquaintance of the great scientist — pos- 
sibly helped bj his pt^ecessors — with the 
facts of ontogeny, and a great advance 
upon succeeding generations in this 
respect. 

In the case of most of these discoveries 
he did nut merely describe the fact, but 
added a number of observations on its 
significance Some of these theoretical 
remarks are of particular interest, because 
thej shoiK a correct appreciation of the 
nature of the embryonic processes He 
conceiv es thedevelopment of the indiv idual 
as a new formation, in the course of which 
the various parts of the body Utke sh.ipc 
successiv ely . When the human or animal 
fniine is developed in the mother’s body , 
or separately in an egg, the heart— vv Inch 
he regards as the starting-point and centre 
of the organism— must ap^ar first Once 
the heart is formcnl tite other organs arise, 
the intem<il ones before the external, the 
upper (those above the diaphragm) before 
the luwer(or those bencaththcdiaphragm) 
The brain is formed at an early stage, and 
the eyes grow out of it. These observ.i- 
tions are quite correct .And, if we try 
to form some idea from these data of 
Aristotle's general conception of the em- 
bryonic process, we find a dim prevision 
of the theory which WolIT showed 2,000 
ears afterwards to be the correct v lew. 
t is significant, for instance, that .Aristotle 
denied the eternity of the individual in 
any respect He said that the six»:ies or 
genus, the group of similar individuals, 
might be eternal, but the individual itsell 
is temporary It comes into being in the 
.act of procreation, and passes away at 
death. 

During the 2,000 years after Aristotle 
no progress whatever was made in general 
zoology, or in embryology in particular. 
People were content to read, copy, trans- 
late, and comment on Aristotle. Scarcely 
a single independent effort at research 
was made in the whole of the pericxl. 
During the Middle Ages thespreadof strong 
religious beliefs put formidable obstacles 
in the way of independent scientific inves- 
tigation. There was no question of 
resuming the advance of biology. Even 
when human anatomy began to stir itself 


independent research was resumed into 
the structure of the developed body, 
anatomists did not dare to extend their 
inquiries to the unformcxl IxkIv, the em- 
bry'o, and its development There were 
many reasons tor the prevailing horror of 
such studies. It is natural enough, when 
we remember that a Bull of Boniface 
VI II. excommunicated every man who 
ventured to disscxrt a human corpse. If 
the dissection of a developed bcxly were a 
crime to he thus punished, how much 
more dreadtui must it h.tvc sc'eined to 
deal w all the embryonic bcxly still enclosed 
■n the womb, w Inch the Creditor himself 
had dc-cently veiled from the curiosity of 
the scicntisi ! live Christian Church, 

! then putting many thous.inds to death for 
unbelief, had a shrewd presentiment of 
the menace tliat science contamcxl ag.iinst 
its authority. It wjis powerful enough to 
sec that its rival did not grow too quickly 
It was not until the Reformation brolic 
the power of the Church, and a refreshing 
breath of the spirit dissolved the icy 
chains that bound .science, tliat anatomy 
and embryology, and.dUhe other br.inches 
of research, could begin to advance once 
more However, embryology lagged t.ir 
behind anatomy. The first works on 
embnology ap^'ar at the hogi lining of 
the sixteenth cent my. The It.ilian anato- 
mist, Fabric lus ah Aqu.ipendeiue, .1 pro- 
lessor at i’.idua, oix-'ned the adv.mce In 
I his two bcHiks (/)( formah fu'tu, iGix>, 
i and /X’ Junnafwm /irlus, 11x14) he pub- 
lished the older illustr.itions and dc-scrip- 
' tions of the embryos ot man and oihei 
' inaimnals, ,ind of the hen. .Simil.ir 
imperfext illustrations were given by 
Spigelius (/A’ ftrnmlo /a'tu, 1O31), .ind by 
Needham (ihOy) ,md his more lamous 
coinpatriot, Harvey (1652), vvliodiscovcrcxl 
the circulation of the hlixxl m the animal 
body and formulalc'd the imixirlant 
principle, Omtu' x'limin ex vmi (all lile 
conies from pre-existing life) The Dutch 
scientist, Swammerdam, published in his 
Bible of Nature the earliest observ'ations 
on the embryology of the frog and the 
division of its egg-yelk. But the most 
important einbryological studies in the 
sixteenth century were those of _ the 
famous Italian, .Marcello Malpighi, of 
Bologna, w'ho lc*d the way both in zcxilogy 
and botany. His treatises, IX formal tone 
pullian^ De nw tneubaio (u^j), contain 
the first consistent description of the 
development of the chick in the fertilised 
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Here 1 ought to eay a word about the 
important part played by the chick in the 
ffrowth of our science. The development 
of the chick, like that of the young of all 
other birds, agrees in all its main &itures 
with that of the other chief vertebrates, 
and even of man. The three highest 
classes of vertebrates— mammals, birds, 
and reptiles (lizards, serf^nts, tortoises, 
etc.)— have from the beginning of their 
embryonic development so striking a 
resemblance in all the chief points of 
structure, and especially in their first 
forms, that for a long time it is impos- 
sible to distinguish between them We 
have known now for some time that 
we need only examine the embryo of 
a bird, whicli is the easiest to get at, | 
in order to learn the typical mode of 
develimmcnt of a mammal (and there- 
fore of man). As soon as scientists begfan 
to study the human embryo, or the 
mammal-embryo general!) , in its earlier 
st.iges about (he middle and end of the i 
seventeenth centurv, this important fact 
was very quickly discovered. It is both | 
theoretically and practically of ^eat value. 
As regards the fAeon' of evolution, we can I 
draw the most weighty inferences from 
this similarity between the embryos 
of widely different classes of animals 
But for tfic practical purposes of embtyo- 
logic.il rese.irch the discovery is invalu- 
able. because we can fill up the gaps in 
our imperfect knowledge of the embryo- 
logy of the nviinmals from the more 
thoroughly studied embryology of the 
bird. Hens’ eggs are easily to' be had 
in any quantity , and the development of 
the chick m.iy be followed step by step in 
artificial incubation. The development 
of the mammal is much more difficult to 
follow’, because here the embryo is not 
detached and enclosed in a large egg, 
but the tiny ov um remains in the womb 
until the growth is completed. Hence, it 
is very difficult to keep up sustained 
observation of the various stages in any 
great extent, quite apart ^m such 
extrinsic considerations as the cost, the 
technical difficulties, and many other 
obstacles which we encounter when we 
would make an extensive study of the 
fertilised mammal. The chicken ha.s, 
therefore, alw’ays been the chief object of 
study in this connection. The excellent 
incubators wc now have enable us to 
observe it in any quantity and at any 
stage of development, and so follow the 
whole course of its formation step by step. 


By the end of the seventeenth century 
Malpighi had advanced as far as it was 
possible to do with the imperfect micro- 
scope of his time in the embryological 
study of the chick. Further progress was 
arrested until the instrument and the 
technical methods should be improved. 
The vertebrate embryos are so small and 
delicate in their earlier stages that you 
cannot go very far into the study of them 
without a good microscope and other 
technical aid. But this substantial im- 
provement of the microscope and the other 
app^atus did not take place until the 
b^inning of the nineteenth century’ 
Embryology made scarcely any advance 
in the first half of the eighteenth century, 
when the systematic natural history of 
plants and animals received so great an 
impulse through the publication of 
Linnd’s famous Systema Naturae. Not 
until 1759 did the genius arise who was to 

f ive it an entirely new character, Caspar 
ricdrich Wolff. Until then embryology 
had been occupied almost exclusively in 
unfortunate and misleading efforts to 
build up theories on the imperfect empi- 
rical material then available. 

The theory which then prevailed, and 
remained in favour throughout nearly the 
whole of the eighteenth century, was 
commonly’ called at that time " the evolu- 
tion theory ” ; it is better to describe it as 
“ the preformation theory’.”' Its chief 
point is this : There is no new’ formation 
of structures in the embryonic develop- 
ment of any organism, animal or plant, or 
even of man ; there is only a growth, or 
unfolding, of parts which have been con- 
structed or pre-Jbrmed from alt eternity, 
though on a very small scale and closely 
packed together. Hence, every’ living 
germ contains all the organs and parts of 
the bodv, in the form and arrangement 
thev w ill present later, already within it, 
<mJ thut the whole embryological process 
IS merely an evolution in the literal sense 
of the word, or an unfolding, of parts that 
were pre-formed and folded up in it. So, 
for instance, w'e find in the hen’s egg not 
merely a simple cell, that divides and sub- 
divides and forms germinal layers, and 
at last, after all kinds of variation and 
cleavage and reconstruction, brings forth 


rtiMi thctir) m iisiuitl) known as the dilution 

* in Uerman^. in ci'mlradtsUncUon to the 

KcncHis thcoo ns it is the Utter that is calM 

Uw evolution theory" in EngUnd, France, and 


synonymous, it seema better to call the first the pr^ 
formatjoa theory." 
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the body of the chick ; but there is in 
every egg from the first a complete 
chicken, with all its parts made and neatly | 
packed. These parts are so small or so 
transparent that the microscrrpe cannot I 
detect them. In the hatching, these parts , 
merely grow larger, and spre^ out in the ' 
normal way. 

Wlien this tlieorj is consistently deve- ' 
loped it becomes a “ scatulation theory "* 
According to its teaching, there w.is made ‘ 
in the beginning one couple or one indi- , 
vidual of e..icli species of .immal or plant , 
but this one indnidual contained the 
germs of ail the other indi\ idu.ils of the 
same species who should c\er come to 
life .-Vs the .ige of the earth v, as generally 
belic\ed at that time to be fixed by the 
Bible at 5,000 or b,ouo years, it seemed ' 
possible to c.ilculate how many indt\ iduals , 
of each species luid li\ed in the period, | 
and so had been packed inside the first 
being that was created The theoij was j 
consistently extended to man, and ft was 
affirmed that our common parent K\e had 
had stored m her o\ary the germs of all 
the children of men 

The theor\ at first took the form of a 
belief that it was the /ifma/ff who were 
thus encased in the first being. One 
couple of e.ich species was created, but 
the feiTuile contained in her o\ary ail the , 
future tndi\ iduals of the species, of either 
sex Howeter, this had to he altered 
when the Dutch microscopist, Leeuwen- 
hoek, discovered the male spcrniatozo<t in 
1690, and showed that an immense num- 
ber of these extremely fine and mobile 
thread-like beings exist in the male sperm 
(this will be explained in the seventh 
chapter). This astonishing discovery was 
further advanced when it w'as proved that 
these living bodies, swimming about m 
the seminal fluid, were real animalcules, 
and, in fact, w'ere the pro-formed germs of 
the future generation When the m.ile 
and female procreative elements came 
together at conception, these thread-like 
spermatozoa (“ sc^-animals ”) were sup- j 
posed to penetrate into the fertile body of ; 
the ovum and begin to develop there, as < 
the plant seed doc's in the fruitful earth . 
Hence, every spcnnatozvxm was regarded ‘ 
as a Komunculus, a tiny complete man , 
all the parts w'erc believed to be pre-formed 
in it, and merely grew’ larger when it { 
reached its proper medium in the fein.ile | 


* *' Packing theory would be the literal trAnalatioa. 
Scmiuim in the Latin for a caae or box.^TRANS. 


ovum. Tills theory, al.so, was consistently 
developed in the sense that in each of these 
thread-like bodies the whole of its posterity 
was supposed to* be present in the minutest 
form, .^d.am's sexual glands were thought 
to have contained the germs of the whole 
of humanitv. 

This “ theory of male scatulation ” 
found itself at once in keen opposition 
to the prevailing “ female” theory. The 
tw’o riv.il theories .it once opened .1 very 
lively canip.iign, .md the physiologists of 
the eighteenth ceiiturv were divid^ into 
twogre.it c.inips -the Animalculists and 
the Ovulists — which fought vigorously. 
The aniin.ilculists held th.it the sperm.i- 
toziM were the true germs, ,ind nppe.iled 
to the lively movements .ind the structure 
of these hvidies. The opposing parly of 
the Ovulists, who clung to the older 
“evolution theory,” .aflirmed tii.it the 
ovum is the re.il germ, .iiid tli.it the 
spcrni.ttO 70 .i merely stimul.itc it .it con- 
ception to begin its'growtii , .ill the future 
geacnitions are ston'd in the ovum. This 
view W.IS held by the grc.it m.iyority of the 
biologists of the eightc'enth century, in 
spite of the f.ict that Wolff proved it in 
1/59 to be without founJation It owed 
Its prestige chieflv to the circumst.ince 
that the most weighty authorities in the 
biology .ind philosophy of the day decided 
m f.ivour of it, especially Mailer, Ikmnet, 
and Leibnitz 

•Albrecht Haller, professoral Gottingen, 
w ho is often called the f.itlier of phy siology , 
W.IS a in.in of wide and v. tried le.arning, 
but he docs not occupy a very high position 
in regard to insight into natur.il pheno- 
mena He m.ide a v igorous defence of the 
"evolution theory" in his f.imous work, 
Etementa phvsiolo^tte, affirming “ There 
IS no such tiling .is fonnation f nulla fst 
epigenests ) No part of the .inim.il fr.ime 
Is made iv/ore another, all were made 
together.” He thus denied that there 
W.IS any evolution in the proper sense of 
the word, and even went so f.ir as to s.iy 
that the heard existed in the ncw'-borii 
child and the antlers in the hornless fawn , 
all the parts w’cre there in advance, and 
were merely hidden from the eye of man 
for the time Iving. H.iller even culcul.ited 
the number of human being's that God 
must h.ivo created on the sixth day and 
stoixxl aw.xy in Kve’s ovary. He put tlie 
number at 200,000 millions, assuming the 
age of the world to be 6,000 years, the 
average age of a human being to be thirty 
years, and the population of the world at 
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that time to be 1,000 millions. And the 
ikmoub HcUler maintained all this non- 
sen-ic, in spite of its ridiculous conse- 
quences, even after Wolff had discovered 
the rc.il course of embryonic development 
and established it by direct observation t 

.Vmong the philosophers of the tune 
the distint'uishcd Leibnitz was the chief 
defender of the " preformation theory,” 
and by his authority and literary prestige 
won many adherents to it. Supported by 
his system of mun.uls, according to which 
bixly and soul are united in inseparable 
associ.itioii and by their union form the 
individual, or the “ monad,” Leibnitz con- 
sistentlv extended the “ scatulation theory” 
to the soul, and held that this was no 
more evolved th.in the body He s.iys, 
lor instance, in his Ttu^odicdc “ I mean 
that these souls, which one da> are to be 
the souls of men, are present in the seed, 
like those of other species ; in such wise 
th.it thev existed in our ancestors as far 
bai k .IS \d.iin, or from the beginning of 
the world, in the forms of organised 
bixlies " 

The thcor) seemed to receive consider- 
able support from the obsen .ations of one j 
ol Its most ze.ilous supporters. Bonnet 1 
In 1745 he discovered, in the plant-louse, 1 
a c<ise of p-irthenogenesis, or v irgin-birth, 1 
an interesting form of reproduction that 
haslatelv been found b> Siebold and others I 
among v.trious cl.isse’s of the articulata, I 
especiallv Crustacea .ind insects. .Among 
these anil other anim.ils of cerUiin lower 
species the fein.ile m.iy reproduce for 
sever.il gener.itions without h.iving been 


Berlin tailor, was bom in 1733, and went 
through his scientific and m^ical studies, 
first at Berlin under the famous anatomist 
Meckel, and afterwards at Halle. Here 
he secured his doctorate in his twenty- 
sixth year, and in his academic disserta- 
tion (November 28th, 1759), the Theona 
genenUumts, expounded the new theory 
of a real development on a basis of epi- 
genesis. This treatise is, in spite of its 
smallness and Its obscure phraseology, 
one of the most valuable in the whole 
ran|^e of biological literature. It is equally 
distinguished for the nuiss of new and 
careful observations it contains, and the 
far-reaching and pregnant ideas which the 
author everywhere extracts from his obser- 
vations and builds into a luminous and 
accurate theory of generation. Neverthe- 
less, it met with no success at the time. 
Although scientific studies were then 
assiduously cultivated owing to the im- 
[ pulse given by Linnil — although botanists 
and zoologists were no longer counted by 
dozens, but 1^ hundreds, hardly any notice 
was taken of Wolff s theorv. Even w'hen 
he established the truth of epigenesis by 
the most rigorous observations, and de- 
molished the airj- structure of the prefor- 
mation theorj’, the “ exact ” scientist 
Haller proved’ one of the most strenuous 
supporters of the old theory, and rejected 
Wolff’s correct view with* a dictatorial 
“Tltere is no such thing as evolution.” 
He even went on to say that reli^on W'as 
mcn.-iced b_v the new theory ' ft is not 
surprising that the whole of the physiolo- 
gists of the second half of the eighteenth 


fertilised bv the m.ile. These ov.i th.it do century submitted to the ruling of this 
not need fertilisation are c.illed " f.ilse ’ phv siological pontiff, and attacked the 
ova,” pseudova or spores Bonnet s.ivv theory of epigenesis as a dangerous inno- 
that a fcm.ile pl.int-lousc, vvhtch he li.-id , valioh. It was not until more than fiftj' 
kept in cloistr.il isol.ition, and rigidh years .iftervvards that Wolffs work was 
removed from contact with ni.iles, h.id on appreciated. Only when Meckel translated 
the elev'cnth dav (after forming a new into Germ.in in 1812 another valuable 
skin for the fourth time) a liv ing d.iughter, w'ork of Wolff’s on The Formation of the 
.ind during the next twenlv days ninety- Alimentary Canal (written in 1768), and 
four other daughters , and th.U .all of them c.illod attention to its great imj^rtance, 
w'cnt on to reproduce in the same wav did people begin to think of him once 
without any cont.ict with m.iles. It more ; yet this obscure writer had evinced 
seemed as if this furnished an irrcfut.ablc a profounder insight into the nature of the 
priHvf of the truth of the sc.ituUtion theory, living organism th.m any other scientist 
.IS It was held bv the Ovulists; it is not of the elghtcHjnth century, 
surprising to find that the theory then Wolff’s idea led to an appreciable 
secured gener.il accept. nice. advance over the whole field of biology. 

This w.is the I'midition of things w'hen Tliere is such a vast number of new and 
suddenly, in 1759. C.isp.ir Friedrich Wolff important observations and pregnant 
appeared, and clealt a fatal blow at the thoughts in his wrritingfs that we have 
whole preformation theory with his new only gradually learned to appreciate them 

rhnnrv rS oni.rnnnc:.. W.aiT th» unn nf n riirhltv in the course of the nineteenth 
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century. He opened up the true path for 
research in many directions. In the first 
place, his theory of epigenesis gave us 
— .zr first real insight into the nature of 
mbiyonic development. He showed con- , 
vindngly that the development of every 
organism consists of a series of new ! 
formattons, and that there is no trace , 
whatever of the complete form either in ] 
the ovum or the spermatozoon. On the ' 
contrary', these are quite simple bodies, 
with a very different purport. The 
embryo which is developed from them is 
also quite different, in its internal arrange- 
ment and outer confi^ration, from the 
complete organism. TTierc is no trace 
a-hatever of prcfiwmation or in-folding of 
organs. To^ay we can scarcely call 
epigenesis a theory, because we are con- 
vinced it is a fact, and can demonstrate it 
at any moment with the aid of the micro- 
scropc 

Wolff furnished the conclusive empirical 
proof of his theory in his cl.assic disserta- 
tion on The Formation of the . 1 hmentary 
Canal (1768). In its complete state the 
alimentary canal of the hen is a long and 
complex tube, with which the lungs, 
liver, salivars glands, and many other 
small glanJs, are connected. ’ Wolff 
showed that in the early stages of the 
embryonic chick there is no trace what- 
ever of this complicated tube with all its 
dependencies, hut iiiste.id of it only a fiat, 
leaf-sh.'iped bixly , that, in fact, the whole 
embryo has at first the appearance ' 
of a 'flat, oial-shaped leaf When we 
remember how difficult the exact obscr- . 
vation of .so fine and delicate .t structure 
as the early leaf-shaped body of the chick . 
must have been with the poor micro- 
scopes then in use, we must <ulmirc the 

' \ .bled 

Wolff to make the most Important dis- ' 
coveries in this most difficult part of j 
embryology. By this laborious research , 
_■ ‘ -he correct opinion that the ; 

embryonic body of all the nighcr animals, | 
such as the birds, is for some time merely 


a flat, thin, leaf-shaped disk — consisting 
at first of one layer, but afterwards of 
several. The lowest of these layers is the 
„ .■ jntaiy canal, and Wolff followed its 
development from its commencement to 
its completion. He showed how this 
leaf-shaped structure first turns into a 
groove, then the margins of this groove 
fold toother and form a closed canal, 
and at length the two external openings 
of the tube (the mouth and anus) appear. 

Moreover, the important fact that the 
other systems of organs are developed in 
the same way, from tubes formed out of 
simple layers, did not escape Wolff. The 
nervous system, muscular system, and 
vascular (blood-vessel) system, with all 
tbe or^ns appertaining thereto, are, like 
the alimentary system, develop^ out of 
simple leaf-shaped structures. Hence, 
Wolff came to the \iew by 1768 which 
Pander developed in the Theory of 
Germinal Layers fifty years afterwards. 
His principles are not ' literally correct; 
but he comes as near to the truth in them 
as was possible at that time, and could be 
expected of him. 

Our admiration of thi.s gifted genius 
increases when wc find that he was also 
the precursor of Goethe in regard to the 
metamorphosis of plants and of the 
famous cellular theory. WolflT had, ns 
Huxley show'ed, a clear presentiment of 
this cardinal theory, since he recognised 
small microscopic globules as the elemen- 
tary parts out of which the germinal 
layers arose 

Finally, I must invite special attention 
to the mechanical character of the pro- 
found philosophic reflections which Wolff 
always added to his remarkable obserxa- 
tions. He w’as a grctit monistic philo- 
sopher, in the best meaning of the word. 
It is unfortunate that his philosophic di~ 
coveries were ignored as completely as 
his observations for more than half a 
century. We mus ' _ . " 
careful to emphasise the fact of their 
cle.u- monistic tendency. 
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Wb may distinf^uish three chief neriods 
in the (^uwth of our science of human 
embryolc^. Tlie first has been con- 
sideriM in the preceding chapter , it 
embraces the whole of the preparatorj 
period of research, and extends from 
Aristotle to Caspar Friedrich Wolff, or to 
the year 1759, in which the epoch-making; 
Theona genemitotits was published The 
second period, with which we have now 
to deal, lasts about a century — that is to 
sa>, until the appearance of Darwin's 
Onfftn of Spt'cies, which brought about a 
change In the very foundations of biology, 
and, in particular, of embryology. Tlic 
third period begins with Darwin. When 
we say that the second period lasted a full 
centuiy, we must remember that WollTs 
work had remained almost unnoticed 
during half the time— namely, until the 
year 1812. During the whole of these 
fifty-three years not a single book that 
appeared followed up the path that WolflT 
had opened, or extendeu his theory of 
embryonic development. We merely find 
his views — perfectly correct views, based 
on extensive observations of fact — men- 
tioned here and there as erroneous ; their 
opponents, who adhered to the dominant 
thcoiy of preformation, did not even deign 
to reply to them. This unjust treatment 
was chiefly due to the extraordinary ' 
authority of Albrecht von Haller ; it is 
one of the most astonishing instances of , 
a great authority, as such, preventing for ; 
a long time the recognition of established . 
facts 

Tlie general ignorance of WolfFs work 
was so great that at the beginning of the 
nineteenth centuiy two scientists of Jena, 
Oken (1806) and Kieser (1810), began 
independent research into the development 
of the alimentary canal of the chick, and 
hit upon the right clue to the embryonic 
piuzie, without knowing a word about 
WolfTs in^rtant treatise on the same 
subject. Iney were treading in his very 
footsteps without suspecting it. This can 
be easily proved from the tact that they 
did not travel as far as Wolif. It was not 


until Meckel translated into German 
■Wolff’s book on the alimentary system, 
and pointed out its great importance, that 
the eyes of anatomists and physiologists 
were suddenly opened. At once a number 
of biologists instituted fresh embrjological 
inquiries, and began to confirm Wolff’s 
theory of epigenesis. 

Tins resuscitation of embryology and 
development of the epigenesis-thcory was 
chiefly connected w'ith the university of 
Wurtzburg One of the professors there 
at that time was Dolhnger, an eminent 
biologist, and father of the famous Catholic 
historian who later distinguished himself 
by his exposition to the new dogma of 
papal infallibility Dolhnger was both a 
profound thinkerand an accurate observer. 
He look the keenest interest in embry- 
ology, and worked at it a good deal. 
How'ever, he is not himself responsible 
for any important result in this field. In 
1816 a young medical doctor, whom we 
may at once designate as WoUTs chief 
successor, Karl Ernst von Baer, came to 
Wurtzburg. Baer’s conversations with 
Dolhnger on embryology led to a fresh 
senes of most extensive investigations. 
Dollinger had expressed a wish that some 
voung scientist should begin again under 
his guid.tnce an independent inquiiy into 
the development of the chick during the 
h.atching of the egg. .\s neither he nor 
Baer had money enough to pay for an 
incuKator and the proper control of the 
expeninenls, and for a competent artist 
to illustnite the various stages observed, 
the lc.ad of the enterprise was ^iven to 
Christian Bander, a wealthy fnend of 
Baer's, who had been induced by Baer to 
come to Wurtzburg. An able engraver, 
Dalton, w'as engaged to do the copper- 
plates. In a short time the embryology 
of the chick, in which Baer was taking 
the greatest indirect interest, was so far 
advanced that Pander was able to sketch 
the main features of it on the ground of 
WollTs theoiy in the dissertation he 
published in 1817. He clearly enunciated 
the theory of germinal layers which Wolff 
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had anticipated, and established the truth Each of these original lasers divides, 
of WoIfTs idea of a de\elopment of the according to Baer, into two thinner and 
complicated systems of organs out of superimposed lajers or plates. He c.ills 
simple leaf-sh.iwd primitixe structures, the two pl.ites of the anim.il lajor, the 
According to P.inder, the leaf-shaped skm-stralum and muscle-str.itum.' From 
object 111 the hen’s egg di\ ides, before the the upper of these pl.ites, the skinstnUum, 
incubation has proceeded twelve hours, the e\tern.il skin, or outer covering of the 
into two different laj'ers, an e'ctcmal bodv, the cenCnil nervous sv stem, and the 
xenwr lav er and an internal Jffiaotff Liver, sense-organs, arc fornic'J. From the 
between the two there dev elopes later a lower, or musclestnUum, the muscles, or 
th’u-d lajer, the vascular (blood-vessel) fleshv p.irts and the bony skeleton— in a 
lajer* word, the motor org.ins— are evolved. In 

Karl Ernst von B.ier, w ho h.id set afoot the s.ime way, Baer said, the lower or 
Pander’s investigation, and had shown vegetative Liver splits into two plates, 
the liveliest interest in it after Pander’s w'hich he c.ills the vascul.ir-str.itum and 
departure from Wurtzburg, began his the niucous-str.itum From the outer of 
own much more comprehensive research the two (the vascular) the he.irt, bliKvd- 
in i8iq He puhlishc'd the mature result vessels, spleen, and the other vascular 
nine ve.irs afterwards in his famous work, glands, the kidnevs, .ind sc.vu.'il gl.inds, 
Animal Embryology Observalton aW ' .ire formed P'rom the fourth ar mucous 
Re/iec/ion (not transLited) This classic | lajer, in fine, we gel the intern.il and 
work still remains a model of careful i digestive lining of the ahmenl.irv canal 
observation united to profound philosophic ' and .ill its dependencies, the liveri lungs, 
speculation. The first p.irt appeared in s.ilivary gl.inds, etc. B.ier had, in the 
1828, the second in 1837 The book , main, corrcs.tlj judged the sigmliuincc of 
proved to be the foundation on which the ! these four second.iry cmbrjonic Livers, 
whole science of embrjologv has built ' and he followed the conversion of them 
downtoourownd.lv It so far surpassed mto the tube-sh.ipcd primitiv e organs 
its predecessors, and Pander in particular, withgre.it perspn.icitj He first solved 
that It has become, .after WollFs work, the difliculi problem of the Iransform.ition 
the chief base of modern embrvologj of this four-fold, fl.il, le.if-sh.ipcd, ein- 
Bacr was one of the greatest scientists brvonic disk into the complete vertebr.ilc 
of the nineteenth century, and exercised bcnlj, through the conversion of the 
considerable influence oii other branches lavers or pl.ites into lulxis. The fl.it 
of biology as well. He built up the theory le<ives bend themselves m obedience to 
of germinal lavers, as a whole and in certain laws of growth , the Kvrdersof the 
detail, so clearly and solidly that it has curling plates approach ne.irer and ne.irer , 
been the starting-point of embryological 1 until at List they come mto.utu.il conl.ict. 
rese.'irch ever since. He taught that in I Thus out of the fl.it gut-nl.itc is formed .1 
all the vertebrates first two and then four hollow gut-tube, out ot the fl.it spin.il 
of these germinal layers are formed , and plate a hollow nerve-tulie, from the skm- 
that the earliest rudimentary organs of pLitc a skm-tuhe, and so on 
the body arise by the conversion of these ^mong the many great serv icc s w liu h 
layers into tubes. He dc-scribed the first Baer rendered to embryology , espc-ci. illy 
appearance of the vertebrate embryo, as vertebrate embryology, we must not 
it may be seen in the globular yelk of the | forget Ins discovery of the hum.in ovum, 
fertilised egg, as an oval disk which first | Earlier scientists had, as a rule, of course, 
divides into two layers. From the upper assumed th.it m.in developed out of an 
or animal layer are developed all the egg, like the other animals. In f.ict, the 
oiy^ans w'hich accomplish the phenomena preforin<ition theory held th.it the germs 
of animal life — the functions of sensation of the whole of humanity were stored 
and motion, and the coveringof the body already in Eve’s ova. But the rc.il ovum 
From the lower or w^/a/nv layer come escaped detection until the je«ir _i827. 
the organs which effect the vegetative life This ovum is extremely small, being a 
of tte organism— nutrition, digestion, tiny round vesicle about the of an 
blood-formation, respiration, secretion, inch in di.imeter ; it can be seen under 
reprcxluction, etc. very favourable circumstances with the 

naked eye as a tiny particle, but is other- 
> The tadnical tern* whicii an bound to creep mu> quite invisible. This particle is 

diii diapter will be fully undentood Uter on.— Tum. formed in the ovary inside a much larger 
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globule, which takes the name of the 
Graafian follicle, from its discoverer, 
Graaf, and had previously been regarded 
as the true ovum. However, in 1827 
Baer proved th.it it was not the re.il 
ovum, which is much smaller, and is con- 
tained within the fullidc. (Compare the 
end of the twenty-ninth chapter ) 

Baer was also the first to observe what 
is known as the segmentation sphere of 
the vertebrate; that is to say, the round 
vesicle which first dev elopes out of the 
impregnated ovum, and the thin wall of 
which IS made up of a single layer of 
regular, polygonal (many-comcred) cells 
(sec the Illustration in the twelfth chapter) 
.Another discovery of his that was of great 
importance in constructing the vertebrate 
stem and the characteristic org.inisalion 
of this extensive group (to which man 
belongs) was the detection of the .ixial 
rod, or the ekonia donahs This is a 
long, round, cvhndrical rod of cartihige 
which runs down the longer axis of the 
vertebrate embryo , it appears at an early 
stage, and is the first sketch of the spin.it 
column, the solid skeletal axis of the ver- 
tebr.ite In the lowest of the vertebrates, 
the .imphioxus, the 1ntcrn.1l skeleton con- 
sists only of this cord throughout life 
But even in the case of m.in and all the 
higher vertebrates it is round this cord 
th.it the spinal column and the brain are 
.ifterwards formed. 

However, import.mt as these and many- 
other discoveries of B.icr’.s were in verte- 
brate embrvology, his researches were 
even more influential, from the circum- 
st.ince that he was the first to employ the 
comparative method in studying the 
dev clopment of the animal frame. Baer 
occupied him.sclf chiefly with the embryo- 
logy of vertebmtes (especially the birds 
and fishes). But he by no means confined 
his attention to these, gradually taking 
the v.-irious groups of the inv'ertebrates into 
his sphere of study. As the general result 
of his comparative embiy olomcal research, 
Baer distinguished four diberent modes 
of development and four corresponding 
groups in the animal world. These chief 
groups or types are; i, the vertebrata; 
3, the articulata ; 3, the mollusca ; and 4, 
all the lower groups which were then 
wrrongly comprehended under the general 
name of the radiata. Georges Cuvier had 
been the first to furmul.-ite thisc tinction, 
in 1812. He showed that these groups 
present spei'ific differences in their whole 
internal structure, and the connection and 


disposal of their systems of organs ; and 
that, on the other hand, all the animals of 
the same type — say, the vertebrates — 
essentially agreed in their inner structure, 
in spite of the greatest superficial dif- 
ferences. But Baer proved that these four 
groups are also quite diflercntly developed 
from the ovum ; and that the senes of 
embiyonic forms is the same throughout 
for animals of the same type, but different 
in the case of other animals. Up to that 
time the chief aim in the classification of 
the animal kingdom was to arrange all 
the animals from lowest to highest, from 
the infusonum to man, in one long and 
continuous scries The erroneous idea 
prevailed nearly everywhere that there 
was one uninterrupted chain of evolution 
from the lowest animal to the highest. 
Cuvier and Baer proved that this view 
w-as f.tlsc, and that we must distinguish 
four totally different types of animals, on 
the ground of anatomic structure and 
embryonic development 

Baer’s epoch-m.iking works aroused an 
extraordinary and widespread interest in 
cmbryological research. Immediately 
afterw-ards we find a great number of 
observers at work in the newly opened 
field, enlarging it in a very short time 
with great energy- by their vanous dis- 
coveries in detail ’ Next to Baer’s comes 
the admirable w ork of Heinnch Rathke, 
of Konigsberg (died i860) ; he made an ex- 
tensive study of the embn-ology, not only 
of the invertebrates (crustaceans, insects, 
molluscs), but also, and particularly, of 
the vertebrates (fishes, tortoises, serpents, 
crocodiles, etc ) We owe the first com- 
prehensive studies of mamm.al embryology 
to the careful research of Wilhelm Bischoff, 
of Munich ; his embryology of the rabbit 

i i84o), the dog (1842), the guinea-pig 
1852), and the doe (i8u), still fonn 
classical studies. At»ut the same time a 
great impetus w-as given to the embryo- 
logy of tne invertebrates The way was 
opened through this obscure province by 
the studies of the famous Berlin zoologist, 
Johannes Muller, on the echinoderms. 
He w-as followed by Albert Kolliker, of 
Wurtzburg, writing on the cuttle-fish 
(or the cephalopods), Siebold and Huxley 
on worms and zoophytes, Fritz Muller 
(Desterro) on the Crustacea, Weismann on 
insects, and so on. The number of workers 
in this field has greatly increased of late, 
and a quantity of new and astonishing 
discovenes have been made. One not ices, 
in several of these recent w-orks on 
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embryology, that their authors are too little 
acquaints with comparative anatomy 
and classification. P^eontology is, un- 
fortunately, altogether neglected by many 
of these new workers, although this in- 
teresting science furnishes most important 
facts for phytogeny’, and thus often pro\es 
of very great service in ontogeny. 

A very important advance was made 
in our science in iStg. when the cclluLir 
theory w.is established, and a new field 
of inquiry bearing on embryology was 
suddenly opened. When the famous 
botanist, M.Schleiden, of Jena, showed in 
1838, with the aid of the microscope, that 
every plant was made up of innumerable 
elementary parts, which we call cflh, a 
pupil of Johannes Muller at Berlin, 
Theodor fichwann, applied the discovery 
at once to the animal organism. Me 
showed that in the animal body as well, 
when we examine its tissues in the micro- 
scope, we find these cells everywhere to 
be the elementary’ units. .All the different 
tissues of the organism, especially the Very 
dissimilar tissues of the nerves, muscles, 
bones, external skin, mucous lining, etc., 
are originally formed out of cells ; and 
this is also true of all the tissues of the 
plant. These cells are separate living | 
beings , they are the citizens of the State | 
which the entire multicellular organism j 
seems to be. This important discovery I 
was bound to be of service to embry ology . | 
as it raised a number of new questions | 
What is the relation of the cells to the 
germinal layers? .Are the gemiin.il layers ' 
composed of cells, and what is their rela- ; 
tion to the cells of the tissues tliat form , 
later ? How docs the ovum stand in the 
cellular theory ? Is the ov um itself a cell, ' 
or is it composed of cells ’ These impor- , 
tant questions were now imposed on the 
embryologist by the cellular theory. 

The most notable effort to answer these 
questions — which were attacked on all 
sides by different students — is contained 
in the famous work. Inquiries into the 
Development the Vettehrates (not trans- 
lated) of Robert Remak, of Berlin (1851). 
This gifted scientist succeeded in master- 
ing, by a cor^lete reform of the science, 
the great dimculties which the cellular 
theory had at first put in the way of 
embryology A Berlin anatomist, Carl 
BoguslausReichert, had already attempted 
to explain the orimn of the tissues. But 
this attempt was bound to miscarry, since 
its not vciy clear-headed author lacked a 
sound acquaintance with embryology and 


the cell theory, and even with the struc- 
ture and development of the tissue in par- 
ticular. Remak at length brought order 
into the dreadful confusion that Reichert 
had caused ; he gave a perfectly simple 
expl.uiation of the origin of the tissues. 
In his opinion the animal ovum is always 
a simple cell: the germinal layers which 
develop out of it arc always composed of 
cells ; and the'ie cells that constitute the 
germinal layers arise simply from the 
continuous and repeated cleaving (seg- 
mentation) of the oiiginal solit.iry cell. 
It first divides into tw'o and then into four 
1 cells ; out of these four cells are born 
eight, then sixteen, thirty-two, and so on. 
Thus, in the embryonic development of 
every animal and plant there is formed 
first of all out of tile simple egg cell, by a 
repeated sub-division, n i luster of cells, .'ts 
Kollikcr h<id alre.idy st.ited in connection 
with the cephalopiHl’s in 1844 The cells 
of this group sprc4id themselves out flat 
and form leaves or pl.ites, each of these 
leaves is formed exclusively out of cells. 
The cells of different lay era as.sume dif- 
ferent shapes, increase, and differentiate j 
! and in the end there is .1 further cleavage 
I (differentiation) and division of work of 
the cells within the layers, and from these 
.ill the different tissues of the body 
proceed 

These are the simple found.itions of 
hutoijyHV, or the scienic that trc.its of 
the development of the tissues ( hista J, ns 
it was established by Remak and Kollikcr. 
Remak, in determining more closely the 
part which the different germinal layers 
play in the formation of thev.irious tissues 
and organs, and in app.ying the theory of 
evolution to the cells and the tissues they 
compose, raised the theory of germinal 
Liycrs, at least as far as it regards the 
I vertebrates, to a high degree of perfection. 

Remak sliowcd that three layers arc 
formed out of the two germinal layers 
which compose the first simple leaf- 
shaped structure of the vertebrate body 
; (or the “gcrmirwil disk”), as the lower 
i I.-iycr splits into two plates. These three 
I layers nave a very definite relation to the 
various tissues. First of all, the cells 
which form the outer skin of the body 
1 (the epidermis), with its various dcpeii- 
' dencics (liairs, nails, etc.) — that is to say, 

, the entire outer envelope of tlie body — are 

I developed out of the outer or upper layer ; 
but th^ are also developed in a curious 
way out of the same layer the cells which 
fonii the central nervous system, the 



MODERN EMBRYOLOGY 


>9 


brain and the spinal cord. In the second 
place, the inner or lower germinal layer 
gives rise only to the cells which form the 
epithelium (the whole inner lining) of the 
alimentary c.inal and all that depends on 
it (the lungs, liver, pancreas, etc ), o ‘ 


:nt of the body. 

liddle layer gives rise to all the'^r 
es of the body, the muscles, blood, 
bones, cartilage, etc. Kemak fuiihei 
proved that this middle layer, which he 
calls “the motor-germinative layer,” 
proceeds to subdivide into two secondary 
layers. Thus we find once more the four 
layers which Baer had indicated. Remak 
rails the outer secondary leaf of the 
middle layer (Baer’s "muscular layer”) 
.u. II layer” (it would be better to 

say', skin-fibre lay..), 1. T 

wall of the budv (the true skin, the 
muscles, etc ). 'to the inner secondary 
leaf (Baer’s “vascular layer”) he gave 
the name of the “alimentary-fibre laver”, 
' ■ ' the outer envelope of the 

alimei . . • . . 

heart, the" blood-v< 

Remak for ktstogeny, or the s 
formation of the tissues, our 
has been gradually built up a 
in detail. There liave b 
attempts to restrict and even destroy 
Reniak’s principles. The two anato- 
mists, Reichert (of Berlin) and Wilhelm 
His (of Lcipzic), especially, have endea- 
■ * "ed in their works to introduce a new 
eplion of the embryonic development 
of the ' ■ 

o primary germinal layers would not be 
the sole sources of formation But these 
efforts were so seriously marred by igno- 
rance of comparative .anatomy, an imper- 
fect acquaintance with ontogenesis, and 
a complete neglect of phylogenesis, that 
they could not have more than a passing 
success. We can onl^ explain how these 
curious attacks of Reichert and His came 
to be regarded for a time as ^vances by 
the general lack of discrimination and 
if grasp of the true object of embry- 

.....i His published, in 1868, his 
extensive Researchet ttUo the Earltei 
Form of the Vertebrate Body,' one of Uu 
curiosities of embryologicid literature 
The author imagir"" 


a “ mechanical theory of embryonic 
I development ” by merely giving an exact 
description of the embryology of the 
' chick, without any regard to comparative 
I anatomy and ph^logeny, and thus falls 

parallel in the history of biolopfical litera- 
ture. As the final result of his laborious 

•stigations. His tells us “that a 

paratively simple law of growth is the 
---jntial thing in the first develop- 
ment. Every formation, whether it con- 
sist in cleav^e of layers, or folding, or 
complete division, is a consequence of this 
fundamental law.” Unfortunately, he 
. ‘ ■ this “ law 

growth ” b , just as other opponents of the 
theory of selection, who would put in its 
place a great “ law of evolutio ” 

s anything about the nature of this, 
everthefess, it is quite clear from His’s 
srks that he imagines constructive 
ature to be a sort of skilful tailor. The 
genious operator succeeds in bringing 
■ ■ ■ ’’all the 

i of liv ing things by cuttin., 
t wa^s the germinal layers, 
„ and folding, tugging and split- 
and so on. 

mbrjological theories excited a 

good deal of interest at the time of publi- 
cation, and have evoked a fair amount of 
literature in the last few decades. He 
professed to explain the most complicated 
parts of organic construction (such as the 
development of the brain) m the simplest 
way on mecluinical principles, and to 
derive them Immediately from simple 
hysical processes (such as uneqi jd dist 

‘lastic plate). It b 
quite true that a mechanical or monistic 
explanation (or a reduction of natural 
phenomena to phy sical and chemical 
processes) is the ideal of modem science, 
and this ideal would be realised if we 
could succeed in expressing these forma- 
tive processes in mathematical formulae. 
His has, therefore, inserted plenty of 
numbers and measurements in hb em- 
bryological works, and giv« 

of “exact 

quantity of 

tunately, they are of no value, and do not 
help us in the least in forming an “ exact ” 
acquaintance with the embryonic pheno- 
mena. Indeed, they wander firom the 
true path alto^ther by n^lecting the 
phylogenetic method ; tJiis, be thinks, b 
“ a mere by-path,” and b “ not necessary 
at all for the explanation of the &cts of 
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einbryoloffy,” which are the direct conse- 
^ence of jinj-siolog^ical principles. What 
His takes to be a simple physical pnvess 
— for instance, the folding of the ^rininal 
layers (in the form.ttion of the medullar}- 
tube, alimentaiy tube, etc.) — is, as a 
matter of fact, the direct result of the 
jpowth of the \arious cells which form 
those orgfanic structures ; but these 
g^rowth-motions have thcniselves been 
transmitted b} heredity from parents 
and ancestors, and are only the heredi- 
tary repetition of countless phylogenetic 
changes which have taken "place for 
thous.inds of years in the race-nistorv of 
the said ancestors. Each of these his- 
torical changes ■« as, of course, originally 
due to adaptation ; it was, in other words. 
ph\ siologic.'tl, and reducible to mechanical 
causes. But we have, n.ilurally, no 
means of obsert ing them now. It is only 
b^ the h} potheses of the science of evolu- 
tion that we can form an approximate 
idea of the organic links in tins historic 
chain. 

.\11 the best recent research in animal 
embiyolo^ has led to the confirmation 
and development of Baer and Remak’s 
theory of the germinal layers. One of 
the most important advances in this 
direction of late was the discovery th.it 
the tw-o priman lajcrs out of yvHich is 
built the body of all yertebrates (including 
man) are also present in all the interte- 
brates, with the sole exception of the 
loyy-est group, the unicellular protozoa 
Huxley had detected them in the medusa 
in 1849. He showed that the two layers 
of cells from » hich the body of this zoo- 
ph}te is developed correspond, both mor- 
phologically and physiologically, to the 
two original germinal layers of the verte- 
brate. The outer layer, from which 
come the external skin and the muscles, 
w'as then called by .Allman (1853) the 
“ ectoderm ” («= outer layer, or skin) ; the 
inner layer, which forms the alimentaiy 
and reproductoiy organs, was called the 
“ entoderm ”(=■ inner layer). In 1867 and 
the following years the discovery of the 
germinal layers was extended to other 
groups of the invertebrates. In particular, 
the indefatigable Russian zoologist, 
Kowalevsk^, found them in all the most 
diverse sections of the invertebrates— the 
worms, tunicates, echinoderms, molluscs, 
articulates, etc. 

In my monograph on the sponges (1873) 
I proved that these two primary germinal 
layers are also found in that group, and 


that they may be traced from it right up 
to man, through all the yarious classes, 
in identical form. This “ homology of 
the two primary germinal l.iyers ’’extends 
through the whole of the metazoa, or 
tissue-forming animals ; that is to say, 
through the whole animal kingdom, with 
the one exception of its lowest section, the 
unicellular Ix'ings, or protozoa. These 
lowly organised animals do not form 
germinal layers, and therefore do not 
succeed in forming true tissue. Their 
whole body consists of a single cell (as 
is the case with the amccb.e and infusoria), 
or of a liwse .-iggregation of only slightly 
differentiated cells, though it may not 
cyen reach the full structure of a single 
cell (as with the moneni). But in all 
other animals the oy uin first grow's into 
two prim.ir} layers, the outer or animal 
layer (the ectoderm, epiblast, or ectoblasi), 
and the inner or tal layer (the ento- 
[ derm, hypoblast, or endobla'st) , and from 
these the tissues and org.ins are formed. 

I The first and oldest organ of all these 
i metazoa is the primitiye gut (or pro- 
gaster) and its opening, the primitive 
I mouth (prostoma). The typical em- 
I bryonic form of the metazo<i, as it is 
presented for a time by this simple struc- 
ture of the Iwo-I.iycred body, is called the 
gastrula , it is to l)c conteited as the 
hereditary reproduction of some primitive 
common "ancestor of the metazoa, which 
we call the raslrira This applies to the 
sponges and other zoophyta, and to the 
worms, the mollusra, echinixlerina, arti- 
cul.ita, and yertebrata. .All these anim.tls 
may be comprised under the general 
heiiding of "gut animals,” or mctazo.i, 
in contradistinction to the gutless pro- 
tozoa 

I have jxiinted out in my Study of the 
Gastma Theory [not translated] (1873) the 
important consequences of this concep- 
tion in the morphology and classification 
of the animal world. 1 also divided the 
realm of metazoa into two great groups, 
the lower and higher metazoa. In the 
first are comprised the arlenfemta (also 
called zoophytes, or "plant-animals ”). In 
the lower forms of this group the body 
consists throughout life merely of the 
primary germmal layers, with the cells 
sometimes more and sometimes less dif- 
ferentiated. But with the higher forms 
of the coelenterata (the corals, higher 
medusae, ctenophoite, and platodcs) a 
middle layer, or mesoderm, often of con- 
siderable size, is developed between the 
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other two layers; but blood and an 
internal cavity are still lacking. 

To the second great group of the meta- 
zoa I gave the name of the coelomana, or 
bilalerata (or the bilateral higher forms). 
They all have a cavity within the body 
(cceioma), and most of them have blood 
and blood-vessels. In this arc comprised 
the six higher stems of the animal king- 
dom, the annulata and their descendants, 
tlie mollusca, echinoderma, articulata, 
tuiiicata, and vertebrata. In all these 
bilateral organisms the two-sided bodj is 
formed out of four secondary germinal 
layers, of which the inner two construct 
the wall of the alimentary canal, and the 
outer two the wall of the bodj Between 
the tw’o p.urs of lajers lies the cavity 
(ciEloma) 

Although I laid special stress on the 
gre.it morphological importance of this 
cavity in my Stvuly of the Gastraa Theory, 
and endeavoured to prove the significance 
of the four secondary germinal layers in 
the organisation of the coclomaria, I was 
unable to deal satisfactorily with the 
diflicult question of the mode of their 
origin. This was done eight years after- 
w.irds by the brothers Oscar and Richard 
Hertwig in their careful and extensive 
comparative studies In their masterly 
Ctehm Theory. An Attempt to Explain 
the Middle Germinal Layer\not translated] 
(1881) they showed that in most of the 
mctazo.i, especially in all the vertebrates, 
the body-cavity arises in the same way, by 
the outgrowth of tw o sacs from the inner 
layer. These two ca-lom-pouclies nriKeed 
from the rudimentary mouth of the gas- 
trula, betw'ecn the two primary layers. 
The inner plate of the tw o-layeredl coelom- 
pouch (the visceral layer) joins itself to 
the entoderm ; the oiitcr pl.ite (parietal 
layer) unites with the ectoderm. Thus 
arc formed the doubic-l.iycred gut-wall 
within and the double-layered b^y-wall 
w ithout ; and between the two is formed 
the cavity of the coelom, by the blending 
of the right and left ctclom-sacs. We 
shall see this more fully in Chap. X. 

The many new points of view and fresh 
ideas suggested by my gastra» theory 
and Hertwig’s ccefom theory led to the 
publication of a number of writings on 
the theory of germinal layers. Most of 
them set out to oppose it at first, but in 
the end the majority supported it. Of late 
years both theories are accepted in their 
essential features by nearly every compe- 
tent man of science, and light and order 


have been introduced into this once dark 
and contradictory field of research. A 
further cause of congratulation for this 
solution of the great embryological con- 
troversy is that it brought with it a recog- 
nition of the need for phylogenetic study 
and explanation. 

Interest and practice in embryological 
resi^rch have b^n remarkably stimulated 
during the past thirty years by this appre- 
ciation of phylogenetic methods. Hun- 
dreds of assiduous and able observers are 
now eng^aged in the development of com- 
paratKe embryolc^yand its establishment 
on a basis of evolution, whereas they 
numbered only a few dozen not many 
decades ago It would take too long to 
enumerate even the most important of 
the countless valuable works which have 
enriched embryological literature since 
that time. References to them will be 
found in the latest manuals of embryolog^y 
of Kolliker, Balfour, Hertwig, Kollman, 
Korschelt, and Heider. 

Kolliker’s Entwukelung^schichte des 
Menschen und derhoherer Thiere, the first 
edition of w hich appeared forty-two years 
ago, had the rare ment at that time of 
gathering into presentable form the 
scattered attainments of the science, and 
expounding them in some sort of unity on 
the basis of the cellular theory and’ the 
theon- of germinal lav ers. U nfortunately, 
the ifistinguished Wurtzburg anatomist, 
to whom comparative anatomy, histolog^y, 
and ontogeny owe so much, is opposed 
to the theory of descent generally and to 
Darwinism in particular. All the other 
manuals 1 have mentioned take a decided 
stand oA evolution. Francis Balfour has 
carefully collected and presented with 
discrimination, in his Manual of Compara- 
trve Embryology (1880), the very’ scattered 
and extensive literature of the subject ; he 
has also widened the basis of the gastraea 
theory by a comparative descnption of the 
rise of the oi^ns from the germinal 
layers in all the chief groups of the animal 
kingdom, and has given a most thorough 
empirical support to the principles I have 
formulated. A comparison of his work 
with the excellent Text-Book of the Embryo- 
lojpf of the VeitebnUes (i^) [translation 
1^5] of Korschelt and Heider shows what 
astonishing progress has been made in 
the science in the course of ten years. I 
would especially recommend the manuals 
of Julius Kollmann and Oscar Hertwig 
to those readers who are stimulated to 
further study by these chapters on human 
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embnrology. Kollmar 

mendable for its clear „ — — 

subject and very line original illustrations ; 
its author adheres firmly to the biogenetic 
law, and uses it throughout with consider- 
able profit. That is not the case in Oscar 
Hert wig’s recent Text-book of the Embryo- 
logy<fManand the 

1893 and 1899] (seventh edition, 1903). 
This able anatomist has of late often been 
quoted as an opponent of the biogenetic | 
Law, although ne himself had demon- 

..... acillation is partfy du to the 

\c with regard to hjpotheses ; though 1 
•I. is quite impossible to make any head- | 
way in the explanation of facts w ithout | 
them. Howe\er, the purely descriptne 
part of embryologj’ in Hertw ig’s Text-book 
IS \efy thorough and reliable. 

\ new branch of embiy ological research 
has been studied \er^' assiduously in the 
last decade of the nineteenth century— 
name!} , ‘ ‘ expenmental embrj ologj .” 

The great importance which has bwn 
attached to the application of physical 
ezpenments to the living organism for 
the last hundred tears, and the taluable ' 
results that it has given to physiology in 1 
the study of the Mtal phenomena, have 
led to its extension to cmbryoloe^ . 1 was 
the first to make experiments of this kind | 
during a stay of four months on the i 
Canary Island, Lanzerote, in 1866. I ' 
there made a thorough intestigation of 1 
the almost unknown embiy ology of the 1 
siphonophorse. 1 cut a numl^r of the ^ 
embryos of these animals (which develop j 
freely in the water, and pass through a j 
\eiy curious transformation), at an early ; 
stage, into several pieces, and found that , 
a fresh organism (more or less complete, | 


according to the size of the piece) was 
developed from each particle. More 
recently some of my pupils have made 
similar experiments with the embryos of 
vertebrates (especially the frog) and some 
of the invertebrates. Wilhelm Koux, in 
n9rt:/.ii|ar, has made extensive experi- 
........... and based on them a specia. 

“mechanical embryology," which has 
given rise to a good de.il of discus.sion 
and contro\crsv. Roux has published a 
special journal for these subjects since 
the Archrv fur Entwickelungs- 
' The contribu ‘ 

III %.XIUC. of thcm 

valuable papers on the phjsiology and 
pathology of the embryo. Pathological 
experiments — the placing of the embryo 
in abnonn.il conditions—have yielded 
many interesting results ; just as the 
physiology of the normal btidy has for .1 
long time derived assistance from the 
pi-ithology of the diseased organism. 
Other of these mechanical-cmbryolc^ica! 
articles return to the erroneous methods 
of His, and .ire only misleading Th 
must be s.iid of the many contributions 
of mechanical cmbiyology which take up 
a position of hostility to the theory of 
descent and its chief embryologic.il foun- 
dation— the biogenetic law. This law, 
however, alien rightly understood, is not 
opposed to, but IS the best and most solid 
support of, a sound mechanical embry- 
ology\ Impartial reflection and a due 
attention to palc>ontology and compara- 
tive anatomy should convince these one- 
sided mechanicists that the facts they 
have discovered — and, indeed, the whole 
embryological process — cannot be fully 
understood without the theory’ of dcs< 
and the biogenetic law. 


Chapter IV. 

THE OLDER PHYLOGENY 

Thb embryology of man and the animals, 1 chiefly directed to the discovery, by careful 
the history of which we have reviewed in observation, of the wonderful fiu:t8 of the 
the last two chapters, was mainly a embryonic development of the animal 
descriptive science forty years afro. The body from the ovum. Forty years ago 
earlier investigations in this province were ! no one dared attack the question of the 
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cause* of these phenomena. For fully a 
centunr, from the year 1759, when WoUPt 
solid Tkeoria generatumts appeared, until 
1859, when Darwin published his famous 
Ongtn of Species, the real causes of the 
embryonic processes were quite unknown. 
No one thoua^ht of seeking the agencies 
that effected this marvellous succession of 
structures. The task was thought to be 
so difficult as almost to pass beyond the 
limits of human thought. It was reserved 
for Charles Darwin to initiate us into the 
knowledge of these causes Tliis compels 
us to recognise in this great genius, who 
wrought a Complete revolution in the 
whole field of biology, a founder at the 
same time of a new period in embrj’ology. 
It IS true that Darwin occupied himself 
very little with direct embryological 
research, and even in his chief work he 
only touches incidentally on the embiyonic 
phenomena , but b> his reform of the 
theory of descent and the founding of the 
theory of selection he has given us the 
means of attaining to a real know ledge 
of the causes of embryonic formation. 
That is, in my opinion, the chief feature 
in Darwin's incalculable influence on the 
whole science of evolution. 


achievement by which Darwin revealed 
the causes of evolution to us, we must 
glance at the efforts of earlier scientists 

- 1 . object. Our historical 

inquiry into these will be even shorter 
than that into the work done in the field 
of ontogeny We have very few names 
to consider here. At the head of them 
we find the great French naturalist, Jean 
Lamarck, who first established evolution 
as a scientific tReor}' in 1809. Even before 
his time, however, the chief philosopher, 
Kant, and the chief poet, Goethe, of 
Germany had occupied themselves with 
the subject But their efforts passed 
almost without recognition in the 
eighteenth century. A “philosophy of 
nature ” did not arise ifntil the beginning 
of the nineteenth century. In the whole 
of the time before this no one had ven- 
tured to raise seriously the question of the 
I origin of species, which is the culminating 
j point of phjlogeny On all sides it was 
re^rded as an insoluble enigma. 

^e whole science of the evolution of 
I man and the other animals is intimatel} 
connected with the question of the nature 
1 of species, or with the problem of the 
I origin of the various animals which we 


When we turn our attention to this 
latest period of embryological research, 
we pass into the second' division of organic 
evolution— stem-evolution, or phylogeny 
I have already indicated in the first chapter 
the important and intimate causal connec- 
tion between these two sections of the . 
science of evolution — between the evolu- ! 
tion of the individual and that of his 
ancestors. We have formulated this 
connection in the biogenetic law , the 
shorter evolution, that of the individual, 
or ontogenesis, is a rapid and summary 
repetition, a condensed recapitulation, of 
the larger evolution, or that of the species. 
In this principle we express all the essen- 
tial points relating to the causes of evolu- 
tion ; and we shall seek throughout this 
work to confirm this principle and lend it 
the support of facts. When we look to 
its causal significance, perhaps it would 
be better to formulate the biogenetic law 
thus. “The evolution of the species and 
the stem (pkylon^ shows us, in the 
physiological uinctions of heredity and 
adaptation, the conditioning causes on 
which the evolution of the individual 
depends”; or, more briefly: “Phylo- 
genesis is the mechanical cause of onto- 
genesis.” 


group together under the name of species 
Thus the definition of the species becomes 
important It is well known that this 
definition was given by Linn^, who, in 
his famous Systema .Vafurce (1735), ’ 
the first to classify and name the various 
groups of animals and plants, and drew 
up an orderly scheme of the species then 
known. Since that time “species” has 
been the most important and indispens- 
able idea in descriptive natural histoiy, 
m zoological and botanical classification , 
although there have been endless contro- 
versies as to Its real meaning. 

What, then, is this “orgMic species”? 
Linn^ himself appealed directly to the 
Mosaic narrative ; he believed that, as it 
is stated in Genesis, one pair of each 
species of animals and plants was created 
in the beginning, and that all the indi- 
viduals of each species are the descendants 
of these created couples. As for the 
hermaphrodites (org^isms that have 
male and female organs in one being), he 
thought it sufficed to assume the creation 
of one sole indiv idual, since this would be 
fully competent to propagate its sf^ies. 
Further developing these mystic ideas, 
LInn 4 went on to borrow from Genesu the 
account of the deluge and of Noah’s aric as 
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and topographical distribution of organ- 
isms. He accepted the story that all the 
plants, animals, and men on the earth 
were swept away in a universal deluge, 
exc^ the couples preserved with Noah 
in the ark, and ultimately landed on 
Mount Ararat. This mountain seemed to 
Linn^ particularly suitable for the landing, 
as it reaches a height of more than 
16,000 feet, and thus provides in its 
higher zones the several climates de- 
nuinded b> the various species of animats 
and plants . the aninaals that were 
accustomed to a cold climate could 
remain at the summit ; those used to a 
warm climate could descend to the foot ; 
and those requiring a temperate climate 
could remain half-way down. From this 
point the re-populatiun of the c<uth « ith 
animals and plants could proceed 

It was impossible to ha\e an> scientific 
notion of the method of esolution in 
Linnd's time, as one of the chief sources 
of information, paleontologv, was still 
VI holly unknown This science of the 
fossil remains of extinct animals and 
plants is vei^ closel} bound up with the 
whole question of evolution. It is im- 
possible to explain the origin of living 
organisms w itnout appealing to it But 
this science did not rise until a much later 
date. The real founder of scientific 
paleontology was Georges Cuvier, the 
most distinguished zoologist who, after 
Linn^, worked at the classification of the 
animal world, and effected a complete 
revolution in systematic zoology at the 
beginning of the nineteenth century. In 
regard to the nature of the species he 
associated himself with Linnd and the 
Mosaic story of creation, thou|^h this was 
more difficult for him with his acquain- 
tance with fossil remains. He clearly 
showed that a number of quite different 
animal populations have lived on the 
earth ; and he claimed that we must 
distinguish a number of stages in the 
history of our planet, each of which was 
characterised by a special population of 
animals and plants. These successive 
populations were, he said, quite indepen- 
dent of each other, and therefore the 
supernatural creative act, which was 
demanded as the origin of the animals 
and plants by the dominant creed, must 
have been repeated several times. In 
this way a whole series of different 
creative periods must have succeeded 
each other ; and in connection with these 
he had to assume that stupendous revolu- 


tions or cataclysms — something like the 
legendary deluge— must have taken place 
repeatedly. Cuvier was all the mote 
interested in these catastrophes or cata- 
clysms as geology was just beginning to 
assert itself, and great progress was b»ng 
made in our knowledge of the structure 
and formation of the earth’s crust The 
various strata of the crust were being 
carefully examined, especially by the 
famous geologist Werner and his school, 
and the fossils found in them were being 
classified , and these researches also 
seemed to point to a variety of creative 
periods. In e.xch peritxl the earth's crust, 
conimsed of the various strata, seemed to 
be differently constituted, just like the 
population of animals and plants that 
then lived on it. Cuvier combined this 
notion with the results of his own p.ileun- 
tolc^ical and zoulog1c.1l research , and in 
his effort to get a consistent v icw of the 
whole process of the earth’s history he 
came to form the theory which is known 
as “ the catastrophic theory,” or the 
theory of terrestrial revolutions, .\ccord- 
ing to this theory', there h.ivc been a 
series of mighty cataclysms on the c.irth, 
and these have suddenly destroyed the 
whole animal and plant popul.ition then 
living on it, after each cataclysm there 
W'as a fresh creation of living things 
throughout the earth. As this creation 
could not he explained by natural laws, it 
was necessary to appc.-il to .in interven- 
tion on the part of the Creator. This 
catastrophic theory, which Cuvier des- 
cribed in a special w'ork, was soon 
generally accepted, .and retained its posi- 
tion in biology for half a century. 

However, Cuvier’s theory w'as com- 
pletely overthrown sixty years ago by the 
geologists, led by Charles Lycll, the most 
distinguished worker in this field of 
science. Lycll proved in his famous 
Principles ^ Geology (1830) that the 
theory was false, in so far as it concerned 
the crust of the earth ; that it was totally 
unnecessary to bring in supernatural 
agencies or general catastrophes in order 
to explain the structure and formation of 
the mountains ; and that wc can explain 
them by the familiar agencies which are 
at woric to-day in altering and recon- 
structing the surface of the earth. These 
causes are — the action of the atmosphere 
and water in its various forms (snow, ice, 
fog, rain, the wear of the river, and the 
stormy ocean), and the volcanic action 
which is exerted by the molten central 



THE OLDER PHYLOGENY 


mass. Lyell convincingly^ proved that 
these natural causes are quite adequate to 
explain every feature in the build and 
formation of the crust. Hence Cuvier’s 
theory of cataclysms was very soon driven 
out of the province of geology, though it I 
remained for another Uiirty years in un- 
disputed authority in biology. All the { 
zoologists and botanists who gave any I 
thought to the question of the origin of 
organisms adhered to Cuvier’s erroneous 
idea of revolutions and new creations. 

In order to illustrate the complete stag- 
nancy of biology from 1830 to 1859 on 
the tjuestion of the origin of the various 
species of animals and plants, I may say, 
from my own experience, that during the 
whole of my university studies I ne\er 
heard a single word said about this most 
important problem of the science. 1 was 
fortunate enough at that time (1852-1857) 
to lia\e the most distinguished masters 
for c\ery branch of biological science 
Not one of them ever mentioned this 
question of the origpn of species. Not a 
word was ever said about the earlier 
efforts to understand the formation of 
living things, nor about Lamarck’s Phtlo- 
sophte Zoalogique which had made a fresh 
attack on the problem in 1809. Hence it 
IS c<isy to understand the enormous oppo- 
sition that Darwin encountered when he 
tixik up the question for the first time. 
His views seemed to float in the air, \^ith- 
out a single pre\ious effort to support 
them. The whole question of the forma- 
tion of Ihing things was considered by 
biologists, until 1859, as pertaining to the 
province of religion and I ran.sccndontahsm. 
even in speculati%c phiiosoph}, in which 
the question had been approached from 
various sides, no one h.id ventured to give 
It serious treatment This w as due to the 
dualistic system of Immanuel Kant, who 
taught a natural system of evolution as 
far as the inorganic world w.is concerned , 
but, on the whole, adopted a super- 
natunilist system as regards the origin of 
living things. He even went so far as to 
say : “ It is quite certain that we cannot 
even satisfactorily understand, much less 
explain, the nature of an organism and its 
internal forces on purely mechanical prin- 
ciples ; it is so certain, indeed, that we 
may confidently s.iy: ‘ It is absurd for a 
man to imagine even that some day a 
Newton will arise who will expl.nin the 
origin of a single blade of grass by natural 
laws not controlled by design ’ — such a | 
hope is entirely forbidden us.” In these 


words Kant definitely adopts the dualistic 
and teleological point of view for biologic^ 
science. 

Nevertheless, Kant deserted this point 
of view at times, particularly in several 
remarkable passages which I have dealt 
with at len^h in my Natural History 
of^ Creation (chap, v.), where he expresses 
himself in the opposite, or monistic, sense. 
In fact, these passages would justify one, 
as I showed, in claiming his support for 
the theory of evolution. However, these 
monistic passages are only stray gleams 
of light ; as a rule, Kant adheres in 
biology to the obscure dualistic ideas, 
according to w Inch the forces at w'ork in 
inorganic nature are quite different from 
those of the org-anic world. This dualistic 
sj'stem prevails in academic philosophy 
to-day — most of our philosophers still 
regarding these two provinces as totally 
distinct They put, on the one side, the 
inorganic or “lifeless” world, in which 
there are at w'ork only mechanical laws, 
acting necessarily and w'ithout design; 
and, on the other, the province of organic 
nature, in w-hich none of the phenomena 
can be properly understood, cither as 
regards their inner nature or their origin, 
except in the light of preconceived design, 
carried out by final or purposive causes 
I The prevalence of this unfortunate 
dualistic prejudice prevented the problem 
I of the origin of species, and the connected 
' question of the origin of man, from being 
I regard^ by the bulk of people as a 
scientific question at all until 1859. Never- 
theless, a few distinguished students, free 
I from the current prejudice, began, at the 
' commencement of the nineteenth century, 
to make a serious attack on the problem. 

I The merit of this attaches particularly to 
what is known as “the older school of 
natural philosophy,” which has been so 
I much misrepresented, and which included 
Jean Lamarck, Buffon, GeOffroy St. 
Hilaire, and Blainville in France , Wolf- 
gang Goethe, Rcinhold Treviranus, Schel- 
ling-, and Lorentz Oken in Germany [and 
Erasmus Darwin in England]. 

The gifled natural philosopher who 
treated this difficult question with the 
greatest sa^city and comprehensiveness 
was Jean Lamarck. He W’as born at 
Bazentin, in Picardy, on August ist, 
1744; he was the son of a clergyman, 
and was destined for the Church. But he 
turned to seek glory in the army, and 
eventually devoted himself to science. 

His Pktlosopkte Zoologique was the 
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first scientific attempt to sketch the real 
course of the origin of species, the first 
“ natural history of creation ” of plants, 
animals, and men. But, as in the case of 
Wolffs book, this remarkably able work 
had no influence whatever ; neither one 
nor the other could obtain any recognition 
firom their prejudiced contemporaries. No 
man of science was stimulated to take an 
interest in the work, and to develop the 
germs it contained of the most im- 
portant biological truths. The most 
distinguished botanists and zoologists 
entirely rejected it, and did not even 
deign to reply to it. Cu\ier, who lived 
and worked in the same city, has not 
thought fit to de\ote a single syllable to 
this gre.at achievement in his memoir on 
progress in the sciences, in which the 
pettiest observ-ations found a place. In 
short, Lamarck's Phtlosopktc Zoologiquc 
shared the fate of Wolffs theori of develop- 
ment, and was for half a cent'urv ignor^ 
and neglected. The German scientists, 
especially Oken and Goethe, who were 
occupied a ith similar specuUitions at the 
same time, seem to ha\e knoan nothing 
about Lamarck’s work. If the) had 
known It, they would ha\c been ^reatl) 
helped by it, and might ha\ e carried the 
theory of evolution much farther than the} 
found it possible to do. 

To give an idea of the f;reat Importance 
of the Phtlosopku Zoolojpque, 1 a ill briefly 
explain Lamarck's leading thought. He 
held that there a as no essential difference 
betaeen llx-Ingand lifeless beings Nature 
is one united and connected system of 
phenomena ; and the forces which fashion 
the lifeless bodies are the only ones at 
work in the kingdom of living things. 
We have, therefore, to use the same 
method of investigation and explanation 
in both province^. Life is only a physical 
phenomenon. All the plants and animals, 
with manat their head,are to be explained, 
in structure and life, by mechanical or 
efficient causes, without any appeal to 
final causes, just as in the case of minerals 
and other inorganic bodies. This applies 
equally to the origin of the various species. 
We must not assume any oripfinal crea- 
tion, or repeated creations (as m Cuvier’s 
theoiy), to explain this, but a natural, ' 
continuous, and necessary evolution. Tlic ' 
whole evolutionary process has been un- I 
interrupted. All the different kinds of I 
animals and plants which we see to-day, 

nr that have mer )|v^_ hav* deSTOtvied !!> ' 

R natural way firom earlier aiid different * 


species ; all come firom one common 
stock, or from a few common ancestors. 
These remote ancestors must have been 
quite simple organisms of the lowest 
U'pe, arising by spontaneous generation 
from inorganic matter. The succeeding 
species have been constantly modified by 
adaptation to their varying environment 
(especially by use and habit), and have 
transmitted their modifications to their 
successors by heredity. 

Lamarck was the first to formulate as 
a scientific theory the natural origin of 
living things, including man, and to push 
the tneorv- to its extreme conclusions— the 
rise of the earliest organisms by spon- 
taneous generation (or abiogcncsis) and 
the descent of man from the nearest related 
mammal, the ape He sought to explain 
this last point, which is of espKial interest 
to us here, by the same agencies w hich he 
found at work in the natural origin of the 
plant and animal species. He considered 
use and habit (adaptation) on the one 
hand, and heredity on the other, to he the 
chief of these agencies. The most impor- 
tant modifications of the org^ans of plants 
and animals are due, in his opinion, to 
the function of these very organs, or to 
the use or disuse of them. To give a 
few examples, the woodpecker and the 
humming-bird have got their peculiarly 
long tongues from the habit of extracting 
their food with their tongues from deep 
and narrow folds or canals ; the frog h.is 
developed the web between his toes by his 
ownswimmmg, the giraffe has lengthened- 
his neck by stretching up to the higher 
branches of trees, and so on. It is quite 
certain that this use or disuse of organs is 
a most important f.ictor in organic dev elop- 
ment, but it is not sufficient to explain the 
origin of species. 

To adaptation we must add heredity as 
the second and not less important agency, 
as Lamarck perfectly recognised. He 
said tliat the modification of the organs 
in any one individual by use or disuse was 
slight, but that It was increased by accu- 
mulation in passing by heredity from 
generation to generation. But he missed 
altogether the principle which Darwin 
afterwards found to be the chief factor In 
the theory of transformation —namely, 
the principle of natural selection in the 
struggle for existence. It was partly 
owing to his follure to detect this 
supremely important element, and partly 
to the poor condition of all biological 
science at the time, that Lamarck did not 
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succeed in establishing; more firmly his j 
theory of the common descent of man and ' 
the other animals | 

Indcpcndcntlv of I^imarck, the older 
German schixii of n.itural philosopliy, 
especi.illy Kcinhold Treviranus, in his 
Rioloirie (1X02), and laircnt-' Olten, in his 
y,itHrfhifoso/>hic(iHtxi), turned its atten- 
tion to the problem of evolution about the 
end of the eifjhleenth and bcfrinning of 
the nineteenth centurv. I ha\ e descrilsed 
Its work in my History of Creation (chap 
IV ) Here 1 c.in onij de.il with the 
brilliant (jenius w hose evolutionary ideas 
are of special interest — the greatest of 
German poets, WolOtfanj; Goethe With 
his keen c\c for the beauties of nature, 
and his profound insight into its life, 
Goethe was earlj attracted to the studs 
of \arious natural sciences. It was the 
favourite occuptition of his leisure hours 
throu);hout life He ^<00 p<irttcular and 
protracted attention to the theort of 
colours But the most valuable o( his 
scientific studies arc those which rel.ite 
to th.it “ livin);. (glorious, prcs-ious thin>;,” 
t heor>;anism He m.ide profound rese.arch 

into the science ot structures or morpluv 
loRj (niorph.e = tornis) Here, with the 
aid'of comp.initive .ui.itomv, he obl.aincd 
the most bnlli.int results, and went f.ir in 
■Advance of his time I mas mention, in 
p<irticul.ir, his witebr.il thewj of the 
skull, his disioterv of the pine.it' ^land in 
m.in, his system of the met.imorphosis of 

J iinnts, etc These morpholoi;K.il studies 
ed GiK'the on to rese.trih into the form.i- 
tionand mixlifu.ition of ori;,tniL structuies 
which we must count .is the first t;crni of 
the M'lence ot evolution He .ippro.iches 
so ne.ir to the llicwv of dc'sccnt that we 
must rcj^.ird him, .ifter I...im.irck, as one 
of Its earliest founders It is true that he 
never tormul.itcd .1 complete scientific 
theory of evolution, but we find :i numix'r 
of rcm.irkablc sufjffcstions of it in his j 
splendid miscellaneous ess.n s on inorpho- | 
lo(;y. Some of them are re.illv aincmn | 
I the very basic ideas of the science of 1 
evolution. He saj s, for inst.ince (1807) | 
“ When we compa’re pl.ints .and .animals 
in their most rudiment.iry forms, it is | 
almost impossible to distin^^uish betwenm : 


them But we may say that the plants 
and animals, bc^innmg^ with an almost 
inseparable closeness, gradually advance 
alon^ tw'o divergent lines, until the plant 
at last grows in the solid, enduring tree 
and the animal attains in man to the 
highest degree of mobility and freedom ” 
Th.U Goethe was not merely speaking in 
a poetical, hut in a literal genealogical, 
sense of this close affinity of organic forms 
IS clear from other remarkable passages 
in which he treats of their variety in out- 
ward form and unity in internal structure. 
He believes that every living thing has 
arisen bv the interaction of two opposing 
formative forces or impulses. The inter- 
nal or “centripetal” force, the type or 
“ impulse to specification,” seelu to 
maintain the constancy of the sp^ific 
forms m the succession of generations • 
this IS heredity The external or “centri- 
fugal ” force, the element of vari.atioii 
or “ impulse to metamorphosis,” is con- 
tinually modifying the species by changing 
their environment, this is adaptation. In 
these significant conceptions Goethe 
appro.ichcs very close to a recognition 
of the two gre.at mechanical factors w'hich 
w c now assign as the chief causes of the 
form.ation of species. 

How ever, in order to appreciate Goethe’s 
V lew s on morphology’, one must associate 
his decidedly monistic conception of nature 
with his pantheistic philosophy. The 
warm and keen interest w'ith which he 
followed, in his Last ye.ars, the controver- 
sies of contemporary French scientists, 
and e-.peci.illy the struggle^ between 
Cuvier .ind Geoffroy St Hilaire (see 
chap iv of The History of Creation), is 
very characteristic It is also necessary 
to he familiar with his sty le and general 
tenour of thought in order to appreciate 
rightly the m.inv allusions to evolution 
found" in his writings. Otherwise, one is 
.apt to m tke serious errors. 

He appro.ached so close, at the end of 
the eighteenth century, to the principles 
of the science of evolution that he may 
well be described as the first forerunner of 
O.irw in, although he did not go so far as 
to formuKite evolution as a scientific 
system, as Lamarck did. 
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Chapter V. 

THE MODERN SCIENCE OF EVOLUTION 


We owe so much of the prog^ress of 
scientitic knowledi^e to Darwin’s Ongtn 
of Species that its influence is almost 
without parallel in the history of science. 
The literature of Darwinism ^rows from 
day to day, not only on the side of aca- 
demic zoology and botan>, the sciences 
which were chieih affected bj Darwin’s 
theory’, but in a far wider circle, so that 
W’e find Darwinism discussed in popular 
literature with a \ igour and zest that are 
gi^ren to no other scientific conception. 
This remarkable success is due chiefly to 
two circumstances. In the first place, all 
the sciences, and especially biology, ha\c 
made astounding prepress in the last half- 
centui^', and ha\e furnished a ^cry \asl 
(quantity of (woofs of the theory of 'exolu- 
tion. In striking contrast to the failure 
of Lamarck and the older scientists to 
attract attention to their effort to explain 
the origin of living things and of man, we 
have this second and successful effort of 
Darwin, which was able to gather to its ! 
sup|x>rt a large number of established 
facts. Availing himself of the [wogress ' 
already made, he had very different scien- ' 
tific proofs to allege than Lamarck, or St. 
Hilaire, or Goethe, or Treviranus had had 
But, in the .second place, we must acknow- 
ledge that Darwin had the sftecial distinc- 
tion of apfiroaching the subject from an 
entirely new side, and of basing the theorv \ 
of descent on a consistent system, whicli 
now goes by the name of Darwinism. | 
Lamarck had unsuccessfully attempted ; 
to explain the modification of organisms ' 
that descend from a common form chiefly 
by the action of habit and the use of' 
organs, though with the aid of heredity. 
But Darwin’s success was complete when I 
he indefiendently sought to give a ! 
mechanical explanation, on a quite new ! 
ground, of this modification of plant 
animal structures by adaptation and ' 
heredity. He was impelled to his theory ‘ 
of selection on the following grounds. | 
He compared the origin of the various , 
kinds of animals and (dants which we : 
modify artificially — by the action of I 


artificial selection in horticulture and 
among domestic animals — with the origin 
of the species of animals and plants in 
their natural state. He then found that 
the ^encies which we employ in the 
modification of forms by artificial selection 
are also at work in Nature. The chief of 
these agencies he held to be “ the struggle 
for life " The gist of this peculiarly 
Darwinian idea is given in this formula ■ 
Tlie struggle for existence produces new 
s(iccies without premeditated design in 
the life of Nature, in the same way that 
the will of man consciously selects new 
races inartificial conditions. Tlie gardener 
or the farmer selects new forms a.s he wills 
for his own profit, by ingeniously using 
the agency of heredity* and adaptation for 
the modification of structures ; so, in the 
natural state, the struggle for life is alway s 
unconsciously modifying the various 
species of living things This struggle 
for life, or competition of organisms in 
securing the means of subsistence, acts 
without any conscious design, but it is 
none the less cITeclive in modifying struc- 
tures. As heredity and adaptation enter 
into the closest fcciprouil action under 
its influence, new structures, or alterations 
of structure, arc prixluccd , and these 
arc purjxisivc in the sense that they serve 
the organism when formed, but they 
were produced without any pre-conceived 

This simple idea is the central thought 
of Darwinism, or the theory of selection. 
Darwin conceived this idea at an early 
dale, and then, for more than twenty 
years, worked at the collection of empirical 
evidence in support of it before he published 
his theory. His grandfather, Erasmus 
Darw’in, was an able scientist of the older 
school of natural philoso{ihy, who pub- 

lactloH o mimKrsr rtf fintiirEil.nhilrt«nnhir 

works about the end of the eighteenth 
century. The most important oi them is 
his Zoonomia, published in 1794, in which 
he ex[x>unds views similar to those of 
Goethe and Lamarck, without really 
knowing anything of the work of these 
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contemporaries. However, in the writings 
of the grandfather (he, plastic imagination 
rather outran the judgment, while in 
Charles Darwin the two were better 
balanced. 

Darwin did not publish anv account of 
his theory until 1858, when Alfred Russel 
Wallace, who had independently reached 
the same theory of selection, published his 
own work. In the following year appeared 
the OrtgtnofSpectes,m\iYC\c\\ he devciopes 
it at length and supports it with a mass 
of proof. Wallace had reached the same 
conclusion, but he had not so clear a per- 
ception as Darwin of the effectiveness of 
n.itural selection in forming species, and 
did not develop the theopr so hilly 
Nevertheless, Wallace’s writings, espe- 
cially those on mimiert, etc, and an 
admirable work on T%e Geof'raphti.al 
Distribution of Animals, contain manv 
fine original contributions to the theory 
of selection Unfortunately, this gifted 
scientist h.as since detotu^ himself to 
spiritism ' 

Darwin’s Orif^m of Species had an 
extraordinary influence, though not at 
first on the experts of the science It 
tiKik zoologists and botanists several years 
to recover from the astonishment' into 
which they had been throw n through the 
re\olutionary idea of the work. But its 
influence on the spc*cial sciences with 
which we zixjlogists .ind bot.inists are 
concerned has increased from year to 
year; it h.as introduced a most healthy 
fermentation in every branch of biology, 
especially in comparatnc anatomy and 
ontogeny , and in zoological and botanical 
cLassification In this wat it has brought 
.about almost a rcxolution In the prevailing 

However, the point w hich chiefly con- 
cerns us here — the extension of the theory 
to m,an — was not touched at all in 
Darwin’s first work in 1850. It was 
believed for several years th.it he had no 
thought of applying his pnnciples to 
man, but that he shared the current idea 
of man holding a special position in the 
univepie. Not only ignorant layanen 
(especially several theologians), but also 
a number of men of science, said very' 
naively that Darwinism in itself was not 
to be opposed ; that it was quite right to 
use it to explain the origin of the various 

> Darwin and Wallace arrired at the theory quite 
independently. tUr WaBaca's OrntriMum* to Iht 
Theeiy ^ NatunU Stloctiom (1870) and Jiormmum 


species of plants and animals, but that it 
was totally inapplicable to man. 

In the meantime, however, it seemed 
to a good many thoughtful people, laymen 
as well as scientists, that this was wrong ; 
that the descent of man from some other 
animal species, and immediately from 
some ape-like mammal, followed logically 
and necessarily from Darwin’s remrmed 
theory of evolution. Many of the acuter 
opponents of the theory saw at once the 
justice of this jmsition, and, as this con- 
sequence was intolerable, they wanted to 
get rid of the whole theory’ 

The first scientific application of the 
Darw inian theory to man was made by 
Huxley, the greatest zoologist in England. 
This able and learned scientist, to whom 
zoolo^’ owes much of its progress, pub- 
lished ' in 1863 a small work entitled 
Evidence as to Man's Place tn Nature. 
In the extremely important and interesting 
lectures uhich made up this work he 
proved clearly that the descent of man 
from the ape followed necessarily from 
the theory of descent If that theory is 
true, we are bound to conceive the animals 
which most closely resemble man as those 
from which humanity has been gradually 
evolved, .\bout the same time Carl Vogt 
published a larger work on the same 
subject. \Vc must also mention Gustav 
Jaeger and Friednch Rolle among the 
zoologists w ho accepted and taught the 
theory of evolution immediately aher the 
publication of Darwin’s book, and main- 
tained that the descent of man from the 
lower anim.ils logicall^^ followed from it. 
The latter published. In 1866, a work on 
the origin and position of man 
About the s.ame time I attempted. In 
the second volume of my General Mor- 
phology (1866), to apply the theory of 
evolution to the whole org.uilc kingdom, 
including man ‘ I endeavoured to sketch 
the probable anc&stral trees of the various 
classes of the animal world, the protists, 
and the plants, as it seemed necessary to 
do on Darwinian principles, and as we 
can actually do now with a high degree 
of confidence. If the theory of descent, 
w'hich Lamarck first clearly fonnulated 
and Darwin thoroughly established, is 
true, we should be able to draw up a 
natural classification of plants and animals 
in the light of their genealo^, and to 
conceive the large and small divisions of 
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the ^tem os the branches and twigs of 
an ancestral tree. The eight gcne<ilo- 
gical tables which I inserted in the secxtnd 
volume of the Gent'nt/ Mor/tholojnr are 
the first sketches of their kind. In the 
twenti-seienth chapter, p.irticularh, 1 
trace the chief stages in man's ancestrj, 
as far as it is possible to follow it through 
the ^x•rteb^ate stem. 1 ined especially to 
determine, as well ns one could at that 1 
time, the position of m.in in the classifi- | 
cation of the mammals and its genealo- 1 
gical significance. I h.a\ e greath impro\ ed 
this attempt, .ind treated it m a more | 
popular form, in chaps. xx\i.-\\\iii of , 
my History of Creation (iSwt) ' I 

It was not until 1871, tweUe tears after , 
the api^rancc of The Onj^tn of Sfiecies, ; 
that Darwin published the famous work 1 
which m.ide the much-contested applica- j 
tion of his theory to in.in, and crowned ' 
the splendid stnjcture of his system 
This important work w’as The Destent of 1 
Man, and Selection in Relation t> Sew ! 
In this Darw in espresslt drew the conclu- ! 
sion, with rigorous kigic, th.it m.in also , 
must hate been det eloped out of lower 
species, and described the important part j 
plaved bi .sexual selection in the viev.titon | 
of man and the other higher animals. He 1 
showed that the careful selection which I 
the sexes exercise on each other in regard , 
to sexual relations and procreation, and ' 
the aisthetic feeling which the higher | 
anim.ils deielop through this, are of the 
utmost importance in the progrcssiie 
deielopmcnt of forms and the differentia- 
tion of the sexes The m.ilcs choosing 
the handsomest fem.iles in one class of ^ 
anim.'ils, and the females choosing only > 
the finest-looking males in another, the 
special features and the sexual character- 1 
istics are increasingly accentu.iicd. In ' 
fact, .some of the higher anim.iis detclop ' 
in this connection a finer taste and judg- | 
ment than man himself. But, e\en as : 


I studies led him to the same conclusion. 

That he did not at once apply the theory 
I to man in his first work was a coinmcnd- 
\ .ible piece of discretion , such ,i scntuel 
I was btiund to excite the strongest opixisi- 
tion to the whole thcsiry. The first thing 
[ to do w.is to establish it as regards the 
a11im.1l and pl.int worlds. Tlie subss.-- 
quent extension to man was Ixiund to be 
made sixiner or later. 

It is. import.int to understand this eery 
clc.arly. If all liMiig things come from a 
common rout, man must be included in 
the general scheme of exolution On the 
other h.ind, if the various species were 
separ.itely createsj, m.in, tixi, must have 
been cre.ited, and not evolved We h.ive 
to choose lietwcen these two .iltern.itives 
This c.innot he tiH> frec|uentlv or too 
stronglv emphasised hither all the 
species of .inimals and pl.ints areol super- 
n.itur.il origin -created, not evolved -and 
in th.it case man .ilso is the outcome of <i 
creative act, as religion teaches , or the 
different species h.ive Iven evolved from a 
few common, simple ancestr.il lorms, .ind 
in th.it c.ise man is the highest fruit of 
the tree of evolution 

W’e m,iv st.ite this briefly in the follow- 
ing principle —The Jesnut of man /mm 
the fo»>er animals is a sft'inil deduition 
wkuh inevitalilv JoUim<s from the giHiral 
inductive law of the whole thi on ot ivo/u- 
tioH In this principle we h.ive .a cle.ir 
.ind pl.iin sUiiemcnt ol the matter Invo- 
lution IS in re.ility nothing but a gre.it 
induction, which we .ire compelled to 
iiMke by the toinp.trative studv of the 
most imporUint f.icts of morphology .ind 
physiology. But wc must dr.iw our lon- 
clusiun .iccording to the l.iws of indui- 
tion, and not .ittempt to determine 
scientific truths by direct measurement 
.ind m.ithem.itic.il calc ul.it ion. In the 
study of living things we c.in scarcelv 
ever dircctiv <ind fullv, .and with m.ithc'- 


regards man, it is to this .sexual selection 
that we owe the fainilp-life, which is the I 
chief foundation of civilisation. The rise I 
of the human race is due for the most 
part to the advanced sexual selection | 
which our ancestors exercised in choosing 1 
their mates. | 

Darwin accepted in the main the general 
outlines of man’s ancestral tree, as I gave J 
it in the General Morphology and the . 
Hutory of Creation, and admitted that his I 


inatical accuracy, determine the ii.iture of 
phenomena, as is done in the simpler 
study of the inorganic world —me hcinistry , 
physics, mineralogy, and astronomy In 
the latter, especially, we can always use 
the simplest and absolutely safest method 
—that of mathematical determination. 
But in biology this is quite impossible for 
various reasons ; one very obvious reason 
being that most of the facts of the science 
are very complicated and much too intri- 
cate to allow a direct mathematical 
analysis. The greater part of the pheno- 
mena that biology deals with are 
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complicated histoncal froctsses, which are birds, and mammals, for the first time ; 
related to a far-reaching past, and as a only the lowest and least perfect forms of 
rule can only be approximately estimated the mammals are found at first ; and it is 
Hence we have to proceed by tnductum — only at a very late period that placental 
that is to say, to draw general conclusions, mammals appear, and man belongs to the 
stage by st^e, and with proportionate latest and \oungest branch of these, 
confidence, from the accumulation of Thus perfection of form increases as well 
detailed observations. These inductive as varietv from the earliest to the latest 
conclusions c.<innut command absolute stage That is a fact of the greatest 
confidence, like mathematical axioms , importance. It can only be explained by 
hut they approach the truth, and gain the theory of evolution, with which it is 
increasing probability, in proportion as in perfect harmony. If the different 
we extend the basis of observ-ed facts on groups of plants and animals do really 
which we build The importance of descend from each other, we must expect 
these inductive laws is not diminished to find this increase in their number and 
Ironi the circumstance that th§y are perfection under the influence of natural 
liKikc'd upon merely as temporary acquisi- selection, just as the succession of fossils 
tiotis ol science, and may be improved to actually discloses it to us 
.inv’ extent in the progress of scientific Comparative anatomy fumishesa second 

know ledge The s,imc inav be said of scries of facts which are of great iinpor- 
the att.iininents of many otfier sciences, tance for the forming of our inductive laws 
such as geology or arthcsjlogy However This branch of morphology compares the 
much thev mav be altered and unproved t adult structures of hv ing things, and seeks 
in det.iil in tfie course of time, these j in the great variety of organic forms the 
inductive truths in.iy ret.im their sub- t stable and simple law of organisation, or 
stance unchanged. | the common type or structure. Since 

Now, when wo s.iy th.it the theory of Cuvier founded this science at the begin- 
ovolution 111 the sense of Lamarck and ning of the nineteenth century' it has been 
Darwin is ,in inductive law — in fact, the | a favourite study of the most distinguished 
greatest ol all hiologic.il inductions— we ' scientists. Even before Cuvier^ time 
rely', iii the first place, on the facts of I Goethe had been greatly stimulated by it, 
p.ifcontology , This science gives us some ' and induccnl to take up' the study of mor- 
direct acquainhincc with the historic.il ! phology. Comparative osteology', or the 
phenomena of the ch.inges of species ! philosophic study and comparison of the 
From the situations in which we find the bony skeleton of the vertebrates — one of 
fossils in the various strata of the e.irth us most interesting sections — especially 
we g.itlier confidently, in the first place, , fascinated him, and led him to form the 
tli.it the living popukition of the e.irth has . theory of the skull which I mentioned 
Ix'en gnidu.illy developed, .is clearly as before. Comparativeanatomy shows that 
the earth's crust itself, and th.it, in the the internal structure of the animals of 
second pl.ice, several different populations ' each stem and the plants of each class 
have suiceeded e.ich other m the v.inous ' is the same m its essential features, how- 
gc-ological periods Modern geologv , ev er much they differ in external appear- 
teaches that the form.ition of the earth .nice. Thus man h.is so great a resem- 
has been gradual, and unbroken by any blance in the chief features of his internal 
violent revolutions .And when wc'com- , organis.ition to the other mammals that 
pare together the v.inous kinds of .nnnials I no comp.irative anatomist has ever 
and plants which succc'ed e.ich other in doubled that he belongs to this class, 
the history of our planet, we find, in | The whole internal structure of the human 
the first place, a constant .ind gradual j body, the arrangement of its vanous 
increase in the number of species from systems of organs, the distribution of the 
the earliest tiinys until the present day; libiies, muscles, blood-vessels, etc., and 
and, in the second place, we notice tHat the whole structure of these organs in the 
the forms in each gre.il group of animals larger and the finer scale, agree so closely 
and plants also const.vnlly improve as the with those of the other mammals (sa'..n 
ages .idv.ince. Thus, of the verlehrates as the apes, rodents, ungulates, cetacea, 
there are at first only the lower fishes ; marsupials, etc.) that their external dif- 
then come the higher fishes, and later the ferences are of no account wliatever. We 
amphibia. Still later appear the three learn further from comparative anatomy 
higher cLuises of vertebrate — the reptiles, that the chief features of animal structure 
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»re so similar in the various classes (fifty ' 
to sixty in number altc^ther) that the) 
may all be comprised m from eight to 
twelve great groups. But even in these 
groups, the stem-forms or animal types, 
certain organs (especially the alimentary 
canal) can be pin)\ed to have been origi- 
nallv the same for all. We can only 
expfain by the theory of e\olution this 
essential unit) in internal structure of all 
these animal forms that differ so much in 
outward appearance. This wonderful 
fact can only be really understood and 
explained when we reiprd the internal 
resemblance as an inheritance from 
common-stem forms, and the external 
differences as the effect of adaptation to 
different environments. 

In recognising this, comparatue ana- 
tom) has Itself ad\ anced to a higher stage 
Gegenbaur, the most distinguished of 
recent students of this science, sa)S that 
with the theory of eiolution a new period 
began in comparatiie anatomy, and that 
the theory in turn found a touchstone in 
the science. “ Up to non there is no fact 
in comparative anatomy that is inconsis- 
tent with the theory of evolution , indeed, 
they all lead to it. In this nay the theory 
receives back from the science all the 
service it rendered to its method." Until 
then students had marvelled at the won- 
derful resemblance of living things in their 
inner structure without being able to 
explain it. We are now in a position to ' 
explain the causes of this, by showing , 
that this remarkable agreement is the , 
necessary consequence of the inhcritinf' of ; 
common stem-forms ; while the striking 
difference in outward appearance is a ' 
result of adaptation tocliangesof environ- \ 
ment Her^ity and adaptation alone ' 
furnish the true explanation. j 

But one special part of comparative ' 
anatomy is of supreme interest and of the ' 
utmost philos^hic importance in this j 
connection. This is the science of rudi- 
mentary or useless organs ; 1 have given ' 
it the name of “ dystelcology ” in view 
ot its philosophic consequences. Nearly 
every organism (apart from the very 
lowest), and especially every highly- 
developed animal or plant, including man, 
has one or more ort^s which are of no 
use to the body itself, and have no share 
— __ aims. Thur v _ 
all have, in various parts of our frame, 
muscles which we never use, as, for 
instance, in the shell of the ear and 
adjoining parts. In most of the mammals. 


especially those with pointed ears, these 
internal and external ear-muscles are of 
great service in altering the shell of the 
ear, so as to catch the waves of sound as 
much as possible. But in the case of 
man and other short-eared mammals 
these muscles are useless, though they 
are still present Our ancestors having 
long abandoned the use of them, we 
cannot work them at all to-day In the 
inner corner of the eye we have a small 
crescent-shaped fold of skin , this is the 
last relic of a third inner eyc-lid, allied 
the nictitating (winking) membrane. This 
membrane is highly developed and of 
great service in some of our distant 
relations, such as fishes of the shark type 
and several other vertebrates , in us it is 
shrunken and useless. In the intestines 
we have a process that is not only quite 
useless, but may be verj’ harmful— the 
vermiform appendage This small intes- 
tinal <ippenduge is often the ciuse of .i 
fatal illness. If a cherry-stone or other 
hard body is unfortunately squeezed 
through its n.irrow aperture during diges- 
tion, a violent inflammation is set up, and 
often proves fatal. This appendix luis no 
use whatever now m our frame , it is a 
dangerous relic of an organ th,it was 
much larger and was of great service in 
our vegetarian ancestors. It is still 
large and important in many vegetarian 
animals, such as apes and rodents. 

There are similar rudimentary organs 
in all parts of our body, and in .ill the 
higher animals. They are among the 
most interesting phenomena to which 
comparative anatomy introduces us , 
partly because they furnish one of the 
clearest proofs of evolution, and partly 
because they most strikingly refute the 
teleology of certain philosophers. The 
theoiy of evolution enables ustogiveavery 
simple explanation of these phenomena. 

We have to look on them ns organs 
which have fallen inti 

of many generations With the decrease 
in the use of its function, the organ itself 
shrivels up gradually, and finally dis- 
appears. There is no other way of 
explaining rudimentary organs. Hence 
they are also of great interest in philo- 
sophy , they show clearly that the 
moHtshc or mechanical view of the orga- 

_ the only correct one, and that the 

duahstic or teleological conception is 
wrong. The ancient legend of trie direct 
creation of man according to a pre-cott- 
ceived plan and tlie empty phrases about 
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“design” in the organism are completely | themselves by migration over the earth, 
sliattered by them. It would be difficult I For each group of species we must admit 
to conceive a more thorough refutation of I a “centre of production,” or common 
teleolo^ than is furnished by the fact home ; this is the original habitat in 
that all the higher animals have these ! which the ancestral form was developed, 
rudimentary organs. i and from which its descendants spread 

The theory of evolution finds its broadest out in every direction. Several of these 
inductive foundation in the natural classi- j descendants became in their turn the 
fication of living things, which arranges | stem-forms for new groups of species, 
all the various forms in larger and and these also scattered themselves by 
smaller groups, according to their degree | active and passive migration, and so on. 
of affinity. These groupings or cate- ; As each mig^ting organism found a dif- 
gories of classification — the varieties, fercnt environment in its new home, and 
species, genera, families, orders, classes, adapted itself to it, it was modifi^, and 
etc — show such constant features of co- ' gave rise to new forms, 
ordination and subordination that we are This very important branch of science 
bound to look on them as genealogical, , that deals with active and passive migra- 
and represent the whole sjstem in the tion was founded by Darwin, with the 
form of a branching tree. This is the aid of the theory of evolution ; and at the 
genealogical tree of the variously related same time he advanced the true explana- 
groups ; their likeness in form is the tion of the remarkable relation or simi- 
exprcssion of a real affinity. As it is larity of the living population in any 
impossible to e.xplam in any other way locality to the fossil forms found in it. 
the natural tree-hke form of the system of Moritz Wagner very ably developed his 
organisms, we must regard it at once as idea under the title of “ the theory of 
a weighty proof of the truth of evolution migration ” In my opinion, this famous 
The careful construction of these genea- traveller has rather over-estimated the 
logical trees is, therefore, not an amuse- ' value of his theory of migration when he 
nient, hut the chief task of modern takes it to be an indispensable condition 
classification. of the formation of new species and 

Among the chief phenomena th.it bear opposes the theory of selection. The two 
witness to the inductive law of evolution theories are not opposed in their main 
wc have the geographical distribution of features. Migration (by w'hich the stem- 
the V arious species of animals and plants form of a new species is isolated) is really 
over the surface of the earth, and their only a special case of selection. The 
topographical distribution on the summits striking and interesting facts of chorology 
of mou.itains and in the depths of the can be explained only by the theory of 
ocean. The scientific study of these fe<i- evolution, and therefore we must count 
turcs — the “science of distribution,” or them among the most important of its 
chorologj {chom = a pl.ace) — has been inductive bail^s 

pursued with lively interest since the dis- The same must be said of all the 
coveries made by Alexander von Hum- remarkable phenomena which we perceive 
boldt Until Darwin’s time the work w'as in the economy of the living organism, 
confined to the detennination of the facts The many and various relations of plants 
of the science, and chiefly aimed at and animals to each other and to their 
settling the spheres of distnbution of the environment, which are treated in btonomy 
existing large and small groups of living (from nomos, law or norm, and btos, life), 
things. It was impossible at tliat time the interesting facts of parasitism, domes- 
to explain the causes of this remarkable ticity, care of the young, social habjts, 
distribution, or the reasons why one etc., can only be explain^ by the action 
group is found only in one locality and of heredity and adaptation. Formerly 
another in a different pl.ice, and why people saw only the guidance of a bene- 
therc is this manifold distribution at all. ncent Providence in these phenornena ; 
Here, again, the theory of evolution luis to-d^ we discover in them admirabje 
given us the solution of the problem. It proofs of the theory of evolution. It is 
furnishes the only possible explanation imptrasible to understand them except in 
when it tenches that the v.irious species the light of this theory and the struggle 
and groups of species descend from for life. 

common stem-forms, whose ever-branch- Finally, we must, in my opinion, count 
ing oflspring have gradually spread among the chief inductive bases of the 
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theory of evolution the foetal develop- 
ment of the individual uranism, the 
whole science of embryology or ontogeny. 
But as the later chapters will deal with 
this in detail, I need say nothing further 
here. I shall endeavour in the following 
pages to show, step b)' step, how the 
whole of the embryonic phenomena form 
a massive chain of proof for the theorv of 
evolution; for they can be explained in 
no other wav In thus appealing to the 
close causal connection tetncen onto- 
genesis and phylogenesis, and taking our 
stand throughout on the biogenetic law , 
we shall be able to prove, stage by stage, 
from the facts of embryology, the evolu- 
tion of man from tlio lower .inimals 

The general adoption of the theory of 
evolution has detiniieiy closed the con- 
troversy as to the nature or definition of 
the species The word has no ahsoluU \ 
meaning w hatev er, but is only a group- | 
name, or category of classification, with 
a purely rel.itive v-alue. In 1837, it is 
true, a famous and gifted, hut inaccurate 
and dogmatic, scientist, Louis .\gassiz, 
attempted to give an absolute value to 
these “categories of classification ” He 
did this in his Essay on Classijiiation, in 
w hich he turns upside down the pheno- ' 
mena of organic nature, and, instead of 
tracing them to their natural c<iuses, ' 
examines them throui^h a theologic.il 
pnsm The true spcx'ies (botui sfiern-s J 
was, he said, an " incarnate idea of the 
Creator ” Unfortunately, this pretty 
phrase has no more scientific v alue than 
all the other attempts to save the absolute 
or intrinsic value of the species. I 

The dogma of the fixity and creation of 
species lost its last great champion w hen 
.Agassiz died in 1873 The opposite thewy, 
that all the different species descend from 
common stem-forms,encountersno serious 
difficulty to-day All the endless research 
into the nature of the species, and the 
possibility of several species descending ] 
from a common ancestor, has been 
closed to-day by the removal of the sharp i 
limits that had been set up between 
species and vaneties on the one liand, and ! 
species and genera on the other. 1 gave 
an analytic proof of this in my mono- 
graph on the sponges (1872^, having made 
a very close study of variability in this 
small but highly instructive group, and 
shown the impossibility of imking any 
dogmatic distinction of species. Accord- 
ing as the classifier tal^ his ideas of 
genus, species, and variety in a broader 


or m a narrow-er .sense, he will find in the 
small group of the sponges either one 
genus w'lth three species, or three genera 
with 238 spc“cies, or 1 1 } genera with 391 
species Moreover, all these forms are 
so connected by intermediate forms that 
we can convincingly prove the dcsient 
of all the sponges from a common stem- 
form, the olynthus 

Here, 1 think, I h.ive giv-en an analytic 
svilution of the problem of the origin of 
species, and so met the demand of certain 
opponents of evolution for an actual 
instance of descent from a stem-lorm. 
Those who are not s.itisfied with the 
synthetic nrixifs of the theorv ot evolu- 
tion w Inch are prov ided by Lomp.ir.i- 
live anatomy, einbrvology, paleontology, 
dy stcleology , chorology, .ind chissifica- 
tion, m.iy try to refute the .in.ilytu prixvf 
given III mv treatise on the sponge, the 
outcome of five years of assiduous study 
I repe.it It is now impiissihle to oppose 
evolution on the ground th.it we h.ive no 
convincing example of the descent ot all 
the species of .1 group from ,1 common 
.ancestor The monogr.iph on the sponges 
furnishes such. a prcHvt, .md, in my opinion, 
.in indisputalile prcHvf .\ny m.in of science 
who will follow the protr.icted steps of my 
inquiry .md test mv assertions will find 
th.it in the c.ise of the sponges we can 
follow the .ictu.il evolution of species in <1 
concrete case* \nd it this is so, if we 
can show the origin of .ill the species 
from a common form in one single cl.iss, 
weh.ive the solution of the problem of 
m.an’s origin, bec.iuse we .ire m .1 position 
to prove clearly Ins descent from the lower 
.inim.tls 

\t the s,ime lime, we i.m now reply to 
the oflen-repe.itc-d assertion, even hc.ird 
from scientists cif our own d.iv , th.it the 
descent of m.in from the low'er .miinals, 
and proxim.itely from the .ipes, still needs 
to he “ prov eel with certainty ” These 
“ccrt.un proofs "h.ive bc'en .I’vailable for 
a long lime , one has only to open one’s 
eves to see them It is a misUcke to scaik 
them in the discovery of intermediate 
forms between man and the ape, or the 
conversion of an ape into a human being 
by skilful cduc.ition. The proofs he in 
the great mass of empiric.il niateri.il we 
have already colleclcid. They are fur- 
nished in the strongest form by the data 
of comparative anatomy and embryology , 
completed by paleontology. It is not a 
I question now of detecting new proofs of 
I the evolution of man, but of examining 
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and understandint; the proofs we already 
have. 

I was almost alone thirty-six years ago 
when I made the first attempt, in my 
General Morpholoj^, to put organic 
science on a mechaniLal found.ition 
through Darwin’s theorj of descent 
The association of ontogeny and phylo- 
geny and the proof of tlie intimate causal 
connection betueen these two sections 
of the science ot evolution, which I 
expounded in my work, met W’lth the 
most spirited opposition on nearl) all 
sides The next ten years w'cre a terrible 
“struggle for life” for the new theory 
Hut for the last twentj-fne years the 
tables ha\e Ixien turncxl Tfie ph}lo- 
geiietic method has met with so general 
a retyption, and found so proliiic a use in 
every br.imh ol biology, th.U it scxins 
superfluous to treat .itiy further here of its 
\alidit) .ind results The pnxif of it lies 
m the whole morphological literature of 
the last three dyy<ides Hut no other 
scieiiie has been so profoundly modified 
in Its leading thoughts by this adoption, 
,ind been forced to yield such far-reai hing 
eoiisequciues, as that suence yyhuh 1 
am noyy scvking to establish -monistic 
anthropogeny 

This statement maj seem to be rather 
aud.icious, since iheyery next branih of 
biology, anthropology m the stricter 
sense,’ makes yery fittle use of these 
results of anthropogeny, .ind sometimes 
expressly opposes them ' This applies 
especi.illy to the attitude yyhich has 
y har.uterisi'd the tjermaii \nthropological 
SiK'iety (the /)(«/?! Ac Gttilhihalt fur 
hi/Ani/uihu'ii) lor some thirty years 
Its powerful president, the famous p.itho- 
logist, Rudolph Virchow, is chiefly 

■ This dixsi mil apply in Lnulihh aathn.ipolv>Kiiit«. . 
wio art alimwl all f\olulK>ni»t!i I 


responsible for this Until his death 
(September sth, 1902) he never 'ceased to 
reject the thcoiy of descent as unproven, 
and to ridicule its chief consequence — the 
descent of man from a series of mammal 
ancestors — as a fantastic dream I need 
only recall his well-known expression at 
the Anthropological Congress at Vienna 
in 1894, that “ it w'ould be just as W'ell to 
say man came from the sheep or the 
elephant as from the ajx! ” 

Virchow’s assistant, the secretary of the 
German Anthropological Society, Pro- 
fessor Johannes Ranke of Munich, has 
also indefatigahly opposed transfonnism . 
he h.is succc-eded in writing a work in 
two volumes f Der Mcntch ), in yvhich all 
the facts relating to his organisation are 
explained in a sense hostile to evolution. 
This work has had a wide circulation, 
oyymgto its admirable illustrations and 
Its .ible treatment of the most interesting 
facts of anatomy and physiology — exclu- 
siye of the sexual organs i But,’ds it ha.s 
done a great dc.1l to spread erroneous 
yiews among the general public, 1 have 
includcxl a criticism ot it in mv Ihstory of 
Creation, as well as met Virchow’s attack-s 
on .inthropogeny 

Neither Virchoyy, nor Ranke, nor any' 
other “ exjict ” anthropologist, has 
.ittempted to gne any other n.ttural 
expl.in.ition of the origin of m.in. They 
hate either set completely aside this 
"question of questions” as a transcen- 
dental problem, or they haye appealed 
to religion for its solution We haye to 
shoyy that this reiection of the rational 
expl.in.Uion isioUilly without justification 
The fund of knowledge ■- 

.iccumulated m the progress of biology m 
the nineteenth century is quite adequ.itc 
to furnish .1 ration.il explanation, ,ind to 
est.ibhsh the theon of the evolution of 
man on tlic solid facts of his embryology. 
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Chapter VI. 

THE OVUM AND THE AMCEBA 


In order to understand clear!) the course 
of human embryology, «e must select 
the more important of its wonderful and 
manifold processes for fuller explanation, 
and then proceed from these to the in- 
numerable features of less impimance. ' 
Tlie most important feature in this sense, 
and the best starting-point for ontogenetic 
study, IS the fact that man is developed 
from an o\ urn, and that this ovnim is a 
simple cell. The human o\ um does not 
materially differ in form and composition 
from that of the other mammals, « hcreas 
there is a distinct difference between the 
fertilised ovum of the mammal and that 
of an^ other animal. 

This fact is so important that few should 
be unaware of its extreme signiticancc , 
yet it was quite unknown in the first 



quarter of the nineteenth century. As 
we nave seen, the human and mammal 
ovum was not discovered until 1837, when 
Carl Ernst von Baer detected it Up to 
that time the larger vesicles, in which the 
real and much smaller ovum is contained, 
had been wrongly regarded as ova. The 
important circumstance that this mammal 
ovum is a simple cell, like the ovum of 1 
other animils, coukl not, of course, be ' 
recognised until the cell theory was 
established. This was not done, by ' 
.Schleidcn for the plant and fschwann fur ' 
the animal, until 18^. As we have seen, | 
this cell theory is of the greatest service I 
in explaining the human frame and iu | 


embryonic development. Hence we must 
say a few words about the actual con- 
dition of the theory and the significance 
of the views it h.is suggested 

In order properly to appreci.itc the C.'l- 
lular theory, the most important clement in 
our science, it is necessary to understand 
in the first place th.it the cell is a umjied 
ormnum, a self-contained living being 
When we an.itomic<illy dissect the fully- 
formed animal or plant into its various 
organs, .ind then ex.immc the finer struc- 
ture of these organs with the microscope, 
we are surprised to find that all these 
different parts arc ultim.itcly m.ide up ot 
the same structural element or unit This 
common unit of structure is the cell It 
docs not matter w hether w e thus dissect 
.1 leaf, flower, or fruit, or a bone, muscle, 
gland, or bit of skin, etc , we find m 
every case the same ultimate constituent, 
which has been called the cell since 
Schleiden's discovery. There are many 
opinions as to its real nature, but the 
essential point in our view of the cell is to 
look upon it as a self-contained or inde- 
pendent living unit. It is, in the vv'ords 
of Brucke, "an elementary organism ’’ 
We may define it most precisely as the 
ultimate organic unit, and, .is the cells are 
the sole active principles in every vital 
function, we may call them the " plastids,” 
or “formative elements.” This unity is 
found in both the anatomic structure and 
the physiological function. In the case 
of the protists, the entire organism usually 
consists of a single independent cell 
throughout life. But in the _ tissue- 
forming animals and plants, which are 
the great majority, the organism begins 
its career as a simple cell, and then 
grows into a cell-community, or, more 
correctly, an organised cell-state. Our 
own body is not really the simple unity 
that It is generally supposed to be. On 
the contrary, it is a very elaborate social 
system of countless microscopic organ- 
isms, a colony or commonwealth, made 
up of innumerable independent units, or 
very different tissue-cells. 
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In reality, the term "cell, ’’which existed i 
long before the cell theory was formulated, ! 
is not happily chosen. Schleiden, who 
first brought it into scientific use in the 
sense of the cell theory, gave this name 
to the elementaiy organisms because, 
when you find them in the dissected 
plant, they generally have the appearance ' 
of chambers, like the cells in a bee-hive, ; 
with firm walls and a fluid or pulpy 1 
content. But some cells, especially young 
ones, are entirely without the enveloping ' 
membrane, or stiff wall Hence we now 
generally describe the cell as a living, 
VISCOUS particle of protoplasm, enclosing 
a firmer nucleus in its albuminoid body 
There may be an enclosing membrane, 
as there actually is in the c>isc of most of 
the plants ; bul it may be wholly lacking, 
as is the case with most of the animals , 
There is no membrane at all in the first . 
stage. The young cells arc usually round, 
but they vary much m sh,ipe later on 
Illustrations of this will be found in the 
cells of the various parts of the body 
shown in Figs 3-7. 

Hence the essential point in the modern 
idea of the cell is that it is made up of 
two different active constituents — an inner 
and an outer p<»i t The sm.iller and inner 
p<irt IS the nucleus (or < an on or cvfoblaitus, 
rig. ic and Fig. 2*1). The outer and 
largerpart, w'hich encloses the other, is the ' 
body of the cell ( n’lU us, i vtos, or cytosonm) ^ 
The soft living substance of which the two 
are composed lias a peculiar chemic.il 
composition, and belongs to the group ■ 
of the albuminoid pl.isma - substances 
("formative matter"), or protopl.isni 
The essenti.il .ind mdispens.ible element 
of the nucleus is c.illed nuclein (or caryo- 1 
plasm) , that of the cell Ixxly is called ! 
plastm (or cytoplasm). In the most rudi- ! 
mentary cases both substances seem to be j 
quite simple and homogeneous, without | 
any visible structure. But, as a rule, 
when we examine them under a hii'h 
power of the microscope, we find a certain 
structure m the protoplasm The chief 
and most common form of this is the ; 
fibrous or net-like " thre.ady structure” j 
(Frommann) and the frothy " honeycomb 
structure ” (Bulschli) 

The shape or outer fonn of the cell is 
infinitely v.aried, m accordance with its 
endless power of adapting itself to the 
most diverse activities or environments. 
In its simplest form the cell is globular 
(Fig. a). This normal round fonn is 
especially found in cells of the simplest ci 


struction, and those that are developed in 
a free fluid without any external pressure. 
In such cases the nucleus also is not 
infrequently round, and located in the 
centre of the cell-body (Fig. zJi). In other 
cases, the cells have no definite shape ; 
they are constantly changing their form 
owin^ to their automatic movements 
This IS the case with the amoebae (Figs. 15 
and 16) and the amoeboid travelling cells 
(Fig. ii), and also with very young ova 
(Fig. 13). However, as a rule, the cell 
assumes a definite form in the course of 
Its career. In the tissues of the multi- 
cellular organism, in which a number of 
similar cells are bound together in virtue 
of certain laws of heredity, the shape is 
determined partly by the form of their 
connection and partly by their special 



functions. Thus, for instance, we find in 
the mucous lining of our tongue very thin 
and delicate flat cells of roundish shape 
(Fig 3) In the outer skin we find simi- 
lar, but harder, covenng cells, joined 
together by s.aw-hke edges (Fig. 4). In 
the liver and other glands there are 
thicker and softer cells, linked together 
in rows (Fig. 5). 

The last-named tissues (Figs. 3-5) 
belong to the simplest and most primitive 
type, the group of the “ covering-tissues,” 
or epithelia In these " primary tissues ” 
(to W'hich the germinal layers belong) 
simple cells of the same kind are arranged 
m layers. The arrangement and shape 
•are more comphc.ited m the "secondary 
tissues,” which are gradually developed 
out of the pnlm.a'y. • • • 

the muscles*! nerves, bones, etc. In the 
bones, for instance, which belong to the 
group of supporting or connecting organs. 
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the cells (Fig 6) arc star-shaped, and are 
joined together by numbers of net-likc 
interlacing processes , so, also, in the 
tissues of the teeth (Fig 7), and in other 
forms of supportmg-tissue, in u hich a soft 
or h.ird substance (intercellular matter, or 
base) IS inserted between the cells 

The cells also differ \er\ much in size 
The great majoritt of them are iiiMsihle 
to the naked e\e, and can be seen oni\ 
through the microscope (being as a rule | 
between jiVir and .is inch in di.imeter). 
There are man_\ of the snuiller plastids — 
such as the famous kicteria —w hich onl^ 
come into \ lew with a \er> high magni- , 
f>ing power On the other hand, main . 
cells attain a considerable size, and run _ 
occasionaII\ to several inches in diameter, ’ 
as do certain kinds of rhizopods among 


The passive portions come third , these 
are subsequently formed from the others, 
and I have given them the name of 
“ plasma - products ” They arc partly 
external (cell-membranes and intercellular 
matter) and p.irtl} internal (cell-sap and 
cell-contents). 

The nucleus (or carj on), w hit h is usually 
of a simple roundish form, is quite struc- 
tureless at first (especiallj in \er\ joung 
cells), and composed ol homogeneous 
nuclear matter or cartopl.ism (Fig 2k). 
But, as a rule, it forms a sort of tesicle 
later on, in which we tan distinguish a 
more stdid mu tear hasc ( laryuliasis ) and 
a softer or fluid ntulcarmp ( laryulvmph j 
In a mesh of the nuclear network (or it 
maybe on the inner side ol the nuclear 
envelope) there is, as <1 rule, a dark, \er_v 



the unicellular protists (such as the radio- 
laria and th.ilamophor.i). .\mong the 
tissue-cells of the animal bod) man) of the ■ 
muscular fibres and nerve fibres are mo'-c 
than four inches, and sometimes more 
than a ) <ird, in length Among the largest . 
cells arc the yelk-filled ova, as, for instance, 1 
the )ellow “ yolk ” in the hen’s egg, which 
vve shall describe later (Fig 15). 

Cell.s also V ary considerabi) in structure 
In this connc’ctio i we must first distin- 
guii^ between the active and passive com- 
ponents of the cell. It is only the former, 
or active parts of the cell, that really live, 
and effect that marvellous world of phenev 
mcna to which we give the name of 
“ organic life.” The first of these is the 
inner nucleus ( caryoplasm J, and the 
9econd the body of the cell (cytoplasm). 


of the nuclei conl.iin sever.ilof these 
nucleoli (as, for instance, the germinal 
vesicle of the ov.i of fishes and amphibia). 
Recently a very small, but p,irlicularly 
important, part of the nucleus has been 
distinguished .is the central Inniy (cen- 
trosonia)- a tiny p.irticle th.it is originally 
found in the nui leus itself, hut is usually 
outside It, in the cytopl.ism , <is a rule, 
fine thrc.ids stre.im out from it in the 
cytopl.ism. From the position of the 
central body with reg.ird to the other 
parts it scHinis probable that it has a high 
physiological importance as a centre of 
movement , but it is lacking; in many cells. 

The cell-body also consists originally, 
and in its simplest form, of a homogene- 
ous viscid plasmic matter. But, as a rule, 
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only the smaller part of 
it IS formed of the living 
-ell-subst 


jjrcaU’r part consists of 
dead, passive pl.isma- 

f r^ucts (metaplasm) 
t is useful to distinguish 
between the inner and 
outer of these Kxtern.il 
plasma-products (which 
are thrust out from the 
protoplasm as solid 
“structural matter”) 
arc the cell-memhrancs 
and the intercellular 
matter. The tnlernnl 
plasma - products are 
either the fluid ccll-s.ip 
or hard strut tores As 
a rule, in mature and 
diflerentMted cells these 
various parts are so 
arranjjcd that the proto- 
plasm (like the carjo- 
pl.ism in the round 
nucleus) forms a sort of 



skeleton or frame-work The spaces of itself the whole multicellular body It is 
this network are filled partly w’lth the fluid the common parent of all the countless 
ell-san .ind nartlv hv lisrtl slriirliinl trener-ations of cells W’hich form the dif- 


prixluits ' ferent tissues 

The simple round ov um, which we take their powers 


ns the startini'-pomt of our study (Figs i tially or in g. 

and a), has in many ca.ses the vague, in- to this, the neural cell in the brain 
lilive (Fig g) dev elopes along one rigid line 
s an it c<innot, like the ovum, beget endless 


laled generations of cells, of which some will 


the brain The ovum stands potentially 
for the entire organism —in other words. 
It h.Ls the faculty of building up out of 



d of a tooth, joined tOf^haTbr th 


wires at a large telegraphic centre, cross 
and recross in the delicate protoplasm 
' of the nerve cell, and p.iss out in the 
branching processes which proceed from 
It and put it in communication with other 
nerve-cells or nerve-fibres (a, h) We 
can onlv partly follow their intricate paths 
in the fine matter of the Ixxly of the cell. 

! Here we have a most elaborate rippa- 
' ratus, the delicate structure of which we 
I are just beginning to appreciate through 
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conjecture than knowledge. Its in 
cate structure corresponds to the v 
complicated functions of the mind. Ne> 
theless, this elementar}’ organ of psjchii 
activity — of which there are thousands in 
our brain — is nothinp^ but a single cell. 
Our whole mental life is only the joint 
result of the combined acti\ ity of all these 
ner\e-cells, or soul-cells. In the centre 
of each cell there is a large transparent 
nucleus, containing a small and dark 
nuclear bodj Here, as elsewhere, it is 
the nucleus that determines the indi\i- 
duality of the cell , it provw that the 
whole structure, in spite of its intricate 
composition, amounts to only a single 
cell. 

In contrast with this \er\ elaborate and 
vei^’ strictly differentiated psjchic cell 
(Kip. 9), we hai e our o\ um (Figs i and 2). 
which has hardi} anj structure at all 



But e\en in the case of the ovum we must 
infer from its properties that its proto- 
plasmic body has a very complicated 
chemical composition and a fine molecular 
structure which escapes our observation 
This presumed molecular structure of the 
plasm IS now generally admitted , but it 
has never been seen, and, indc^, lies 
far beyond the range of microscopic 
vision It must not be confused — as is 
often done — with the structure of the 
plasm (the fibrous net-work, 
granules, honey-comb, etc.) wliich'does 
come within the range of the microscope. 
‘ But wihen we speak of the cells as the 
elementary orgiMisms, or structural units, 
or “ultimate individualities,” we must 
bear in mind a certain restriction of the 
phrases. 1 mean, that the cells are not, 


is often suppo^, the ve^ lowest stage 
organic individuality. Thei J yet 
ry organisms to which I 

vnally. The'- i--* 

w’e call the “cytodes” {cytos — ceW), 
certain living, independent beings, con- 
sisting only of a particle of plasstm — an 
albuminoid substance, which is not yet 
' differentiated into caryoplasm and cyto- 
i plasm, but combines the properties of 
I both Those remarkable beings called 
the motif ra — especially the iliromacca 
land bacteria — are specimens of these 
I simple cy todes (Comp.ire (he nineteenth 
Chapter) To be quite accurate, then, 
we must -say the elemein.iry organism, 

' or the ultim.ite individual, is found in 
, two different stages The first and lower 
stage is the cylode, which consists 
I merely of a particle of plasson, or quite 
I simple plasm The senrond and higher 
I stage Is the cell, which is already divided 
I or differentiated into nucle.ir ni.itter and 
celluLir matter W e comprise both kinds 
— the cytodes and the i ells -under the 
name of phtstuis {“ formative particles ”), 
bc*cause they are the real builders of the 
organism ’However, these cv todes are 
not found, as ,1 rule, m the higher .inimals 
and plants, here we have only real cells 
with a nucleus Hence, in these tissue- 
I forming organisms (lioth pl.int .and 
.inimal) the organic unit alw.iys consists 
I of chemically .ind .m.itomically dif- 
ferent parts— thc'outer cell-body and the 
I in nucleus. 

order to convince oneself that this 
' cc s really an independent organism, 
w aveonly to observe the development 
ind vital phcnomen.iof one of them. We 
^ «e then that it performs all the essential 
' functions of life — both vegetal .ind animal 
I —which we find in the entire organism, 
j Each of these tiny beings grows and 
nourishes itself independently. It takes 
I its food from the surrounding fluid , some- 
I times, ev'en, the naked cells t.ike in solid 
particles at certain points of their surface 
I —in other w’ords, “eat” them— without 
I needing any spcci.il mouth and stomach 
' for the pur^ise (cf Fig. 19) 

Further, each cell is able to reproduce 
itself. Tliis multiplication, in most cases, 
lakes the form of a simple cleavage, 
sometimes direct, sometimes indirect; the 
simple direct (or “ amitotic ’’) division is 
less common, and is found, for instance, 
in the blood cells (Fi|;. 10). In these the 
nucleus first divides into two equal parts 
byconstriction. Theindirea(or“mitotic") 
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cleava^ is much more frequent ; in this 
the c.irjopla-sm of the nucleus and the 
c\ topl.usiii of the cclI-biHlv ai t upt»n o.ich 
other in a peculiar \va}, with a partial 
divHilution (nin'olvsts ), the lorinatioii ol 
knots and lixips f mi/ostsj, .iiid a ino\e- 
inent of the liahcd plasina-p.irtK les 
towards two mutu.ill\ rcpulsi\e polos ol 
.itlraction ((-rtn'Oifrirti'ji/j, Fij» ii) 

The intricate ph\ sioloj'ical processes 
VI inch accoinp.in\ this “mitosis’’ have 
been verv closelv studied of late vears 
The inquirv has led to the detection of 
cert. tin law's of evolution which .ire^ol 
extreme import.mce in connection with 
herednv As .a rule, two verv diflerenl 
parts of the nucleus plav .in import.int 
part in these ch.infjes Fhev .ire the 
chrumatm, or colourcxl nuclear suhst.ince, 


chromatin often forms a long, irregularly- 
v^ound Ihre.id the coil ” Fig 

A) At the commencement of the cle.iv .ige 
itg.ithcrs.it the cqu.itor of thecell, betwevn 
the stellar poles, .ind fonns a crown ol 
U-sli.iped loops (generally lour or eight, 
or some other definite number) I'he 
IcHips split lengthwise into two h.ilves 
(H), and these Kick away from each other 
tow.ards the poles of the spindle (C) Here 
e.ich group lorms a crown once more, .ind 
this, with the corresponding h.ilf ot the 
divided spindle, lorms a fresh nucleus (I)) 
Then the prolopl.ism ol the tell-bodj 
Ix'gins to contr.ul in the middle, anil 
g.ither .ihoul the new d.iughter-nuclei, 
.ind .It List the two d.iughter-cells become 
independent beings. 

Between this lommon mitosis, or /«- 
Jttvit cell-div ision - whuh is the norm.il 


d. (!)' 


dlTislon, (rum the. bUnid e>t th« eml^}o iit a 
OnipnalU <ae.h ^1111^1*1 II han a nucU'us ami im nninJ 
('ey ^ tonnilt.plN Uk niuk^JuRk-s 

Htrictikl hetHevn W iMto nut 


wlmh h.is ,a peculiar property of tinging 
itself deeply w ilh rert.im colouringmattcrs 
(carmine, h.'cmati'W lin, etc ), .and the 
athromin (or limn, or tukromatm), .i 


ile.iv.ige-process in most cells ol the 
higher .iiiim.ils .ind pl.mis -.md thesimple 
dtnet division (Fig to) we find every 
' gr.idc of segmenl.ition , in some cinnni- 
I stances even one kind ol division m.iy Iv 
' converted into anolher 
I The pl.astid is .ilso endowed with the 
I functions of movement .ind sens.it ion 
I The single cell c.in move .ind creep about, 

' w hen It h.is sp<ici for free mov i ment <ind 
1 IS not prevenled by a h.ird envelope , it 
, then thrusts out .it its siirf.ice prixcssec 
like fingers, .ind quickly withdr.iws them 
.igain.und thusch.inges its sh.ipe(Fig 12) 
Finally, the young cell is sensitive, or more 
or less responsive to stimuli , it m.ikes 
cert.iin movements on the .ipphcation 
ol chen1i1.1l and mcch.inic.il irril.ition 
Hence we c.in .isciilv to the individu.il 
cell .ill the chief functions winch we com- 
prehend under the gcner.il hc.iding i>t 
“ life ’’- sc11s.1l ion, iiuivement, nutriiioii, 
and reproduction. All these properties ol 
the mullicellul.ir and highly developc'd 
animal .ire .ilso found in the single 
.'inim.il-(cll, .It least in its younger st.iges. 


colourless nuclear substance that Licks 
this property . 1 he latter gener.illy forms 

in the div iding cell a sort of spindle, at 
the poles of which there is a very sm.ill 
p.irticle,«ilso colourless, called the “central 
body ” f cen/miomn ). This acts as the 
cen' re or fexus in a “ sphere of .iltruction ” 
for the granules of protopl.ism in the 
surrounding cell-body, and assumes a 
star-hke appearance' (the cell-star, or 
monaster) The two central bixlies, stand- 
ing oppo^ to each other at the poles of 
the nuclear spindle, form “the double- 
star “ (or amfJttasier, Ftg. 1 1, B, C). The 


There is no longer any doubt .ibout this, 
.ind so we m.iy reg.ird it as a solid .ind 
important b.ise of our physiological con- 
ception of the element.ary organism. 

Without going any further here into 
these very interesting phenomena of the 
life of the ceil, we will pa.ss on to consider 
the application of the cell theory to the 
ovum. Here comparative research yields 
the important result that rvety ovum ts at 
first a Simple cell, 1 say this is very 
I important, because our whole science of 
I embryology now resolves itself into the 
' problem : “ How does the multicellular 
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oTRanism arise from the unicellular ? ” internal constitution. Later, ^ouirh ^ 
Every organic individual is at first a simple ova remain unicellular, th^ differ in size 
cell, and as such an elementary organism, and sliape, enclose various kinds of yelk- 
or a unit of individuality This cell particles, have different envelopes, and » 
produces a cluster of cells by segmenta- on. But when we examine them at their 
tion, and from these developcs the multi- birth, in the ovaiy of the female animal, 
cellular organism, or individual of higher we find them to be alwap of the same 
rank. form in the first stages of their life. In 



\Vhen we examine a little closer the 
original features of_ the ovum, we notice , 

first stage file %vum is just the same j 
simple and indefinite structure in the case 
of man and all the animals (Fig. iri. We 
are unable to detect any material dinerence 
between them, either in outer shape or { 


the beginning each o\um isa verj' simple, 
roundish, naked, mobile cell, without a 
iiu.iiiuiaii«; , ii wiisiois iiii^relv of a particle 
of cytoplasm enclosing a nucleus (Fig. 13). 
Special names have been given to th^ 
parts of the ovum ; the cell-body is called 
atift yelk (mtellMs), and the cell-nucleus 
the germinal vesicle. As a rule, the 
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nucleus of the ovum is soft, and looks 
like a small pimple or vesicle. 

“ rtiny other cells, *‘' 
nuclear skeleton or frame and a third, 
hard nuclear body (the nucleolus). In 
the ovum this is called the germinal sp<a. i 
Finally, we find in many ova (but not in ' 
all) a still further point within the ger- i 
minal spot, a “ nucleolin,” which goes b\ 
the name of the germinal point. The 
latter parts (germinal spot and germinal 
point) have, apparently, a minor impor- 
tance, in com^rison with the other two 
(the yelk and germinal \esicle) In the 
' A’c must distinguish the active 
ve yelk (or protoplasm — first plasm) ' 
the passne nutritive yelk (or deuto- 
«cond plasm). 


IX.— lobUe oells fWmi the Inflamed eye of 

t (from th« watery dual of the eye, the Humor 
r). The naked creep freely about, by (Idic 
the anwKba or rhiaopudsi proCrudiniT fine procowoi 
fropi the uncovered pnicoplasinic bod> Tbw bodiee 
vary oontmually ui number, shape, and Mse. The 
micieua of these amc^xnd lymph-cdh (**tra%diin|f 
ceQs,*’ or planocjteii) ts invisiMe. because concealed b> 
the numbers of niw in^nulei which are scattered m the 
protopUsm. (From Frry ) 


pellucidum (Fig. 14). When we exan 
It closely under the microscope, we 

C .--l X •. jJjg 

sally VI _ 

whether fertilise 

not, cannot be distinguished from that of 
most of the other mammals. It is nearly 
(he same everywhere in form, size, and 
composition. When it is fully formed, 
it has a diameter of (on an average) 
about tH of an inch. VV’hen the mammal 
ovum has been carefully isolated, and 
held against the light on a glass-pl.ilc, it 

naked ejc. The o\a of me 
higher mammals are about the <i.ime size 
The diameter of the o\ um is almost alw ays 
' .L. ’ ' It has always 

the same globular shape , the same 
characteristic membrane , the same 
transparent germinal vesicle with its 
dark germinal spot. E\cn when we use 
the most powerful microscope with its 
highest pow'er, we can detect no material 
difference between the o\a of man, the 
ape, the dog, and so on I do not mean 
to say that there are no differences 
between the o\a of these different 
mammals. On the contrary, we arc 
bound to assume that there are such, at 
least as regards chemical composition. 
E\en the ova of different men must differ 
from each other ; otherwise we should 
not have a different individual from each 
ovum It is true that our crude and 
imperfect apparatus cannot detect these 
subtle individual differences, which are 
probably in the molecular structure. 
However, such a striking resemblance 
of their ova in form, so ^rcat as to 


and the other mammals'. Fror 
Tion germ-form we infer a con 
i-form On the other hand, (her 


iny of the lower animals (such a 
sponges, polyps, and medusae) the naked 
ova retain their original simple appear- 
ance until impregnation. But in most 
animals they at once begin to change; 

the change consists partly in the fo — 

of connections with the yelk, which serve 
to nourish the ovum, and partly of 
external membranes for their protection 
(the ovolemma, or prochorion). A mem- 
brane of this sort is formed in all the 


'asily dis'tinguish 

the mammal from the fertilised ovum of 
the birds, amphibia, fishes, and other 
vertebrates (sec the close of the twenty- 
ninth cliapter). 

The fertilised bird-ovum (Fig. 15) is 
notably different. It is true that in its 
earliest stage (Fig. 13 E) this ovum also 
is very like that of the mammal (Fig. 13E). 
But afterwards, while still within the 


mammals in the course of the embryonic oviduct, it takes up a quantity of nourish- 
process. The little globule is surrounded ment and works this into tlie familiar 
by a thick capsule of glass-like trans- large yellow yelk. When we examine a 
parency, the wona peUuada, or oraolemma very young ovum in the hen’s oviduct, we 
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find it to be a simple, small, naked, the tread a thin column of the white yelk 
amoeboid cell, just like the youn^ ova penetrates through the yellow yelk to the 
other animals (Fig. 13). But it then centre of the globular cell, where it swells 
grows to the size we are familiar with in into a small, central globule (wrongly 
die round yelk of the egg. The nucleus calledtheyelk-cavity, or/oi^dnj, Fig.i5</1. 
of the ovum, or the germinal vesicle, is The yellow yelk-matter which surrounds 
thus pressed right to the surface of the this white yelk has the appearance in the 
globular ovum, and is embedded there in egg (when boiled hard) of concentric 
a sm^l quantity of transparent matter, layers (r). The yellow yelk is also 
the so-called white yelk. This forms a enclosed in a delicate structureless mem- 
round white spot, which is known as the brane (the tnembiana vttelhna, a). 

“ tread ” (Fig. 15*). From As the large yellow ovum of the bird 



'■o 1,3— Ova of varioui animals, executing anMabdd movements , highly magnified An the ora 

akrf ceUa of vaiying shape. In the daih fine^ained pnitc^sm (yelk) u a large veaiciilar nudeua (the 
in^vewde), and in thia u aeen a nuclear body ^ gerniinal spot), in which agaui we often see a germinal 
I Figi. A1-A4 repfeaent the oium of a sponge (Lncultmt tckmtal in four aucccaaive monmenta. 
W m the ovum of a parasitic crabfCkomJrmnn/MutmtnautJ, m eight aucoeaaive movements, ^rom 
i C/-C^ show the ovum of the eat m various atagea iwmoient (fnm .MggirrJ/ tig.P 
riimofatroutiitheo^ofaidiichai;/-abiiniaiioviai. 
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attains a diameter of several inches in the 
bigger birds, and encloses round yelk- 
particles, there was formerly a reluctance 
to consider it as a simple cell. This was 
a mistake. Every animal that has only 
one cell-nucleus, every amoeba, ewij 
gregarina, every infusorium, is uni- 
cellular, and remain unicellular what- 
ever variety of matter it feeds on So 


gnmmtd disc. We shall return to this 
discojmstrula in the ninth chapter. 

When the mature bird-ovum has left 
the o\ary and been fertilised in the ovi- 
duct, it covers itself with various mem- 
branes which are secreted from the wall 
I of the oviduct. First, the large clear 
! albuminous layer is deposited around the 
I yellow yelk ; afterwards, the hard external 
I chflll urith SI fini> inner sicin All these 



gradually forming en- 
velopes and processes 
are of no importance in 
the formation of the 
cmbrjo, they serve 
merely for the protection 
of the original simple 
ovum. We sometimes 
rily large 

of 

other animals, such as 
hshes of the shark type. 
Here, also, the ovum is 
originally of the same 
character as it is in the 
mammal , it is a perfectly 
simple and naked cell. 
But, as in the case of 
the bird, a considerable 
quantity of nutritive yelk 
is accumulated inside the 
original yelk as food for 
the developing embryo ; 
and various coverings 
are formed round the 
egg. The ovum of 
many other animals has 
the same internal and 
external features. They 


Fic t^The human ovum, taken from the remalc orar}. majonfied 500 have, however, only a 

timca. The whole 01 um u a Min^ round oeU. The chief part of the physiological, nOt a mor- 

phological, importance; 

irranuln. In the upper part of the } elk la the Uaiwparcnt round germinal they hav'e no direct in- 

\eaide, which comnponds to the Huclm Thn encloeea a darker irranuk, flnonro on tho fnrmnlinn 

theerrw><n./q»t,w^ahow....u-Wu The globular jrett ■ .u^ounded "“ence on me lOT^IIon 


nes aa 6ne as hairs, whsdi are directed 
rum These are called the pofe<iinahi , 
apennatozoa penetrate mto the }’clk at 


of the fetus. They are 

'This IS traversed by numbers of hnes as 6ne as hairs, whsdi are directed partly Consumed aS food 
radially towards the centre of the-ovum These are called the poiwcanals , .1,- „rr.V«e. r, onrl 

It IS through these that the moving apennatozoa penetrate mto the yelk at f Cmoryo, and 

impregnation. [wrtly scrvc as protec- 

tive envelopes. Hence 

ever much yellow jelk it afterwards we may leave them out of consideration 
accumulates within its protoplasm. It altogether here, and restrict ourselves to 
IS, of course, different, with the bird’s material jxiiiUs— /o the substanttal tdenMy 

' — -* has been fertilised. The of the oitgtnal aimm in man and the 

ovum then consists of as many cells as of the animals 13). 

there are nuclei in the tread. Hence, Now, let us for tho first time make use 
in the fertilised^ egg which we eat daily, of our biogcnetic law, and directly apply 
the yellow yelk is already a multicellular this fundamental law of ev Option to the 
body. Its tread is composed of several human ovum. We reach a very eit^le, 
cells, and is now comnumly called the but very important, conclusion. From 
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the fact that the human ovum and fhattf\ 
ail other animals consists of a single cell, tt 
follows immedtatelv, according to the hto- 
genctic taw, that all the animals, including 
man, descend from a unicellular organism 



Fio is--h fa^ltaed oyum f.’om the ovUuot of ; 

idtius or iremiinal \eHK^e is Hcen j 
Above in the cxatnz or “ tread fix From that point 
the white \ elk penetrate* to the central yelfc-cavityCif^ j 
The two kind* of j elk do not differ very much. | 

If our biogenelic law is true, if the i 
embrjonic development is a summarj or j 
condensed recapitulation of the stem- 
history — and there can be no doubt about 
,it— we are bound to conclude, from the I 
‘fact tliat all the ova arc at first simple | 
cells, tliat all the multicellular organisms j 
originally sprang from a un iccllular being , 
And as the original ovum in m<in and all 
the other animals has the same simple j 
and indefinite apprarance, we may assume 
with some probability that this unicellular 
stem-form was the common ancestor of 
the whole animal world, including man. 
However, this last hypothesis does not 
seem to me as inevitable and as absolutely 
certain as our first conclusion. 

This inference from the unicellular 
embryonic form to the unicellular ancestor 
is so simple, but .so important, that W’e 
cannot sufficiently emphasise it. We 
must, therefore, turn next to the question 
whether there are to-day any unicellular 
organisms, from the features of which we 
may draw some approximate conclusion as 
to the unicellular ancestors of the r 
cellular organisms. The answer is: Most I 
tainly there There 
still unicellular organisms which are, in 
their whole nature, nothing more 

than permanent ova. "niere are inde- 
pendent unicellular organisms of the 
simplest character which develop no 
further, but reproduce themselves as such, 
without any further growth. We know 


to-day of a great number of these little 
beings, such as the gregarinx, flagellata, 
acineta, infusoria, etc. However, there 
IS one of them that has an especial interest 
for us, because it at once suggests itself 
when we raise our question, and it must 
be regarded as the unicellular being that 
approaches nearest to the real ancestral 
form This organism is the A mceba 
For a long time now we have com- 
prised under the general name of amoeba: 
a number of microscopic unicellular 
organisms, which are very widely distri- 
buted, especially in fresh water, but also 
in the ocean , in fact, they h.ave lately 
been discovered in damp soil There are 
also parasitic amcebx which live inside 
other animals When w'c place one of 
these amoeba: in .a drop of water under 
the microscope and examine it with a high 
power, it genenally .ippears as a roundish 
particle of a very irregular and varving 
shape (Figs. i6 J 17) 
slimy, semi-fluid substance, which con- 
sists of protoplasm, vve see only the solid 
globular particle it contains, the nucleus. 
This unicellular body moves about con- 
tinually, creeping in’ every direction on 
the glass on which we arc examining it. 
The movement is effected by the shapeless 
body thrusting out finger-hke processes 
at various parts of its surface , and these 
are slowly but continually clianging, 
drawing the rest of the body after them. 
.Affer a time, perhaps, the action changes 



The whole organum is 

about by mean* of the — ■ - ~~ 

out of and withdraw* into it* protopbumic body. 
In^de It ■■ the rounduh nucleus with its nucteolus. 

The amoeba suddenly stands still, with- 
draws its projections, and assumes a 
globular shape. In a little while, how- 
ever, the round body begins^ to expand 
again, thrusts out arms in another 
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directiMi, and moves on once more. These which it comes in contact The latter 
changeable processes are called “ false process may be observed at any moment 
feet,” or pseudopodia, because they act by forcing it to eat If finely ground 
physiologically as feet, yet are not special colouring matter, such as carmine or 
organs in the anatomic sense. They indigo, is put into the water, you can see 
disappear as quickly as they come, and the body of the amieba prc-ssing these 
are nothing more than temporary proiec- coloured particles into itself, the substance 
tions of the semi-fluid and structureless of the cell closing round them. The 
body. amoeba can take in food in this wa} at 

If you touch one of these creeping any point on its surface, without liaving 
amoeba: with a needle, or put a drop ot any sj^ial organs for intussusception and 
acid in the abater, the w'hole body at once i dig^tion, or a rc.il mouth or gut. 
contracts in consequenceof this mechanical I The amoehi grows b\ thus taking in 

fiKxl and dissolving the 
particles c.iten in its pro- 
toplasm. When it re.iches 

reprixluce. This is done 
by the simple privess of 
cle.ayage (Fig 17) First, 
the nucleus divides into 
two parts. Then the pro- 
toplasm is separated be- 
tween the two new' nuclei, 
and the whole cell splits 
into two daughter-cells, 
the protoplasm gathering 
about e.'ich of the nuclei 
The thin bridge of proto- 
plasm which at first 
connects the daughter-cells 
soon breaks. Here we 
have the simple form of 
direct cleavage of the 
nuclei. Without mitosis, 
or formation of threads, 
the homogeneous nucleus 
divides into two halves. 
These move away from 
each other, and become 
centres of attraction for 
the enveloping matter, the 
protoplasm The same 
direct cleavage of the 
nuclei is also witnessed in 
the rcproduct 
other protists, while other 
rule, the body | unicellular organisms show the indirect 
■ shape. In ; division of the cell. 

ce, if the j Hence, although the amoeba is nothing 
impurity of the water lasts som. but a simple cell, i ‘ \ 

the amoeba begins to develop a covering, accomplish all the functions of the multi- 
It exudes a membrane or capsule, which cellular organism. It moves, feels, 
immediately hardens, and assumes the nourishes itself, and reproduces. Some 
appearance of a round cell with a protec- kinds of these amcebse can be seen with 
tive membrane. The amoeba either takes the naked eye, but mo^ of them are 
its food directly by imbibition of matter microscopically small. It is for the follow- 
floating in the water, or by pressing into ing reasons that we regard the amoeb® 
its protoplasmic body solid particles with as the unicellular organisms which have 
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special phylog^enetic (or evolutionary) 
relations to the ovum. In many of the 
lower animals the ovum retains its 
original naked form until fertilisation, 
devciopes no membranes, and is then 
often indistinguishable from the ordinary 
amoeba. Like the amoeb.i<, these naked 
ova may thrust out processes, and mo\c 
about as travelling cells. In the sponges 
these mobile ova move about freely in the 
maternal bc^ like independent amoeba: 
(P*R > 7 ): They had been observed b> 
earher scientists, but described as foreign 
bodies — namely, parasitic amoebae, living 
parasitically on the body of the sponge. 
Later, however, it was discovered that 
they were not parasites, but the ova of 
the sfionge. We also find this remarkable 
phenomenon among other animats, such 
as the graceful, bell-shaped zoophjtes, 
which wc call polyps and medusae. Their 
ova remain naked cells, which thrust out 
amoeboid projections, nourish themsehes, 
and_ move about When they have been 
fertilised, the multicellular organism is 
formed from them by repeated segmen- 
tation 

It is, therefore, no audacious hypothesis, 
but a perfectly sound conclusion, to regard 
the amoeba as the particular unicellular 
organism which offers us an approximate 
illustration of the ancient common unicel- 
lular ancestor of all the metazoa, or multi- 
cellular animals. The simple naked 
arnceba has a less definite and more 
original character than any other cell 
Moreover, there is the fact tliat recent 
research has discovered such amieba-like 
cells everj where in the mature body of 
the multicellular animals. They 'are 
found, fur instance, in the human blood, 
side by side with the red corpuscles, as 
colourless blood-cells , and it is the same 
with all the vertebrates They arc also 
found in many of the invertebrates — for 
instance, in the blood of the snail. I 
showed, in 1859, that these colourless 
blood-cells can, like the independent 
amoebse, take up solid particles, or “eat” 
(whence they are called phameytes ==■ 
“ eating-cells,” Fig. 19). Lately, it has 
been discovert that many different cells 
may, if they have room enough, execute 
the same movements, creeping about and 
eating. They behave just like amoebae 
(Fig. 13). It has also been shown that 
these “travelling-cells,” or planocytes, 
play an important part in man’s physio- 
logy and pathology (as means of transport 
for food, infectious matter, bacteria, etc.). 


The power of the naked cell to execute 
these characteristic amceba-like move- 
ments comes from the contractility (or 
automatic mobility) of its protoplasm. 
Tliis seems to be a univeisal property of 
young cells. When they are not enclosed 
by a firm membrane, or confined in a 
“ cellular prison,” they can always accom- 
plish these amceboid movements. This 
is true of the naked ov'a as well as of any 
other naked cells, of the “travelling-cells,” 
of various kinds in connective tissue, 
lymph-cells, mucus-cells, etc. 

We have now, by our study of the 
ovum and the comparison of it with the 
arnceba, provided a perfectly sound and 
most valuable founclation for both the 
embryology and the evolution of man 
We have learned that the human ovum is 
S simple cell, that this ovum is not 
materially different from that of other 



mammals, and that we may infer from 
it the existence of a primitive unicellul.ar 
ancestral form, with a substantial resem- 
blance to the amoeba. 

The statement that the earliest pro- 
genitors of the human race were simple 
cells of this kind, and led an independent 
unicellular life like the amoeba, has not 
only been ridiculed as the dream of a 
natural philosopher, but also been 
violently censured in theologicaHournals 
as "shameful and immoral.” But, as I 
observed in my essay On the Ort^n and 
Ancestral Tree of the Human Race in 
1870, this offend^ piety must equally 
protest against the “shameful and im- 
moral ” fact that each human individual 
is developed from a simple ovum, and that 
this human ovum is indistinspiishable 
from those of the other mammals, and in 
its earliest stage is like a naked amoeba. 
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We can show this to be a fact any day 
with the microscope, and it is little use to 
close one's c)es to " immoral ” facts of 
this kind. It is as indisputable as the 
momentous conclusions we draw from it 
and as the vertebrate character of man 
(see Chapter XI ). 

We now see \ery clearly how extremely 
important the cell theory has been for 
our whole conception of organic nature. 
“ Man’s place in nature ” is settled beyond 


can understand how the elaborate mind 
of the higher vertebrates, and especially 
of man, was gradually evolved from them. 
The academic psychologists who lack 
this zoological equipment are unable to 
do so. 

This naturalistic and realistic con- 
ception is a stumbling-block to our 
modern idealistic metaphysicians and their 
thralogical colleagues. Fenced about 
with their transcendental and dualistic 



Fio. i9.-Blood-celIs that eat, or phagocytes, thiin a 
naked lea-snall (Tkrtu), greatly ma^ifkxl 1 was the 
lint to obutTve in the bkxxl-wlU of this snail the important fact 
that "the blomkcelli of the invertebrates are unprotoeteJ pieces 
of plasm, and lake in food, by means of their peculur movo 
meats, like the anKsbie. I h^ (in ^aplell, on May loth, i8,n) 
m^ed into the blood-vemcls of one of these snails an infiUHin 
of water and ground indigo, and was greatly astonished to find 
the blooikclls themselves more or less filled with the paitides 
of indigo after a few hours. After repeated infections I 
succeeded in "ohiemng the scry entrana of the coloured 
particles in the bloodcdk which took place just in the same 
way as with Uic amceba. 1 have giitn turthcr particulars 
about this ui my M<mo[rafh m ike Radmlana 


prejudices, they attack not only 
»•’“ •"''"i-ii- system 
on our scientific knowledge, 
but even the plainest facts which 
go to form Its foundation. An 
instructive instance of this was 
seen a few jc-irs ago, m the 
academic discourse delivered by 
<i distinguished theologian, Wil- 
libald lle)schlag, at Halle, 
January izih, 1900, on the occa- 
Mon ot the centenary festival. 


a descent from the ape, and 
would prove to them that the 
genius of u Sh.ikcspeare or ,1 
Ooethe is merely a distillation 
from a drop of primitive mucus.” 
Another well-known theologian 


question bj it .\prt from the cell theor}', 
man is an insoluble enigma to us. Hence 
philosophers, and esneciall) physiologists, I 
should be thoroughly conversant with it ' 
The soul of man can only be really under- 
stood in the light of the cell-soul, and we \ 
have the simplest form of this in the 
amoeba Only those who are acquainted 
with the simple psychic functions of the 
unicellular organiims and their gradual 
evolution in the senes of lower animals 


protested against “the horrible 
idea that the greatest of men, Luther 
and Christ, were descended from a 
mere globule of protoplasm ” Never- 
theless, not a single informed and im- 
p.artial scientist doubts the fact that 
tliese greatest men were, like all other 
men— and all othervertebrates— developed 
from an impregnated ovum, and that this 
simple nucleated globule of protoplasm 
has the same chemical constitution in all 
the mammals. 
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The recognition of the fact that every 
man begins his individual existence as a 
simple cell is the solid foundation of all 
research into the genesis of man. From 
this fact we are forced, in virtue of our 
biogcnetic law, to draw the weighty 
phylogenetic conclusion that the earliest 
ancestors of the human race were also 
unicellular organisms ; and among these 
protozoa we may single out the \ague 
form of the amieba as particularly impor- 
tant (cf. Chapter VI ) That these unicel- 
lular ancestral forms did once exist follows 
directly from the phenomena which we 
perceive every day in the fertilised o\um. | 
The development of the multicellular 
organism from the o\um, and the forma- { 
tion of the germinal layers and the tissues, i 
follow the same laws in man and all the ' 
higher animals It will, therefore, be our , 
next task to consider more closely the 
impregnated ovum and the process of 
conception which produces it. I 

The proces.s of impregnation or sexual 
conception is one of those phenomena that ' 
people love to conceal behind the mystic i 
\eil of supernatural power. ^ We shall | 
soon see, however, th.at it is a purely ■ 
mech.anical prix;ess, and c.in be r^uccil | 
to f.imiliar physiological functions. More- I 
over, this process of conception is of 
the same type, and is effected by the 
same organs, in man as in all the other 
mamm.ils The p.iiring of the male and 
fem.ile has in both cases for its m.un 
purpose the introduction of the ripe matter 
of the m<tle seed or sperm into the female 
bod>, in the sexual canals of which it 
encounters the ovum. Conception then 
ues b} the blending of 
We must observe, first, tliat this impor- 
tant priKcss is by no means so widely 
distributed in the animal and pliant world 
as is commonly supposed. Tliere is a 
very large number of lower organisms 
which propagate unsexually, or by 
monogony ; these are especially the 
sexless moncra (chromacea, bacteria, 
etc.), but also many other protists, such 
as the ameubse, foraminifera, radlolaria, 


myxomycetse, etc. In these the multipli- 
cation of individuals takes place by 
unsexual reproduction, which takes the 
form of cleavage, budding, or spore- 
formation. The copulation of two coales- 
cing cells, which in these cases often 
precedes the reproduction, cannot be 
regarded as a sexual act unless the 
two copulating plastids differ in size or 
structure. On the other hand, sexual 
reproduction is the general rule with all 
the higher organisms, both animal and 
plant ; very rarely do we find asexual 
reproduction among them. Tliere are, 
in particular, no cases of parthenogenesis 
(virginal conception) among the verte- 
brates. 

Sexual reproduction offers an infinite 
variety of interesting forms in the dif- 
ferent classes of animals and plants, 
especially as regards the mode of concep- 
tion, and the conveyance of the spermato- 
zoon to the ovum. These features are 
of great importance not only as regards 
conception itself, but for the development 
of the organic form, .and especially for the 
differentiation of the sexes. There is a 
particularly curious correlation of plants 
and animals in this respect. The splendid 
studies of Charles Darwin and Hermann 
Muller on the fertilisation of flowers by 
insects have given us very interesting 
particulars of this.' This reciprocal 
service h.is given rise to a most intricate 
sexual apparatus. Equally elaborate 
structures have been developed in man 
and the higher animals, serving partly 
for the isolation of the sexual^ products 
on each side, partly for bringing them 
ogether in conception. But, hov 
interesting these phenomena are in them- 
selves, we cannot go into them here, 
as they have only a minor importance — 
if any at all— in the real process of 
conception. We must, however, try to 
get a very clear idea of this process and 
3ie meaning of sexual reproduction. 



CONCEPTION 


S» 


In every act of conception we have, as I 
sud, to consider two different Idnds of 
cells — a female and a male cell. The 
female cell of the animal organism is 
always called the ovum (or ovuium, egg, 
or egg-cell) ; the male cells are known as 
the sperm or seed-cells, or the sperma* 
tozoa ^also spermium and zoospermium). 
The npe ovum is, on the whole, one of 
the largest cells we know. It attains 
colossal dimensions when it absorbs great 
quantities of nutritive yelk, as is the case 
with birds and reptiles and many of the 
fishes. In the great majority of the 
animals the ripe ovum is rich in yelk and 
much larger than the other cells. On 
the other hand, the next cell which we 


Fintly, thev are extraordinarily small, 
being usually the smallest cells in the 
body ; and, secondly, they have, as a rule, 
a peculiarly lively motion, which is known 
as spermatozoic motion. The shape of 
the cell has a good deal to do with this 
motion. In most of the animals, and 
also in many of the lower plants (but not 
the higher), each of these spermatozoa 
has a very small, naked cell-body, 
enclosing an elongated nucleus, and a 
long thread hanging from it (Fig. 20). 
It was long before we could recognise 
that these structures are simple cells. 
They were formerly held to be special 
organisms, and were called “seed 
animals” (spermato-zoa, or spermato- 
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have to consider in the process of concep- 
tion, the male sperm-cell or spermatozoon, ' 
is one of the smallest cells in the animal | 
body. Conception usually consists in the , 
brining into contact with the ovum of < 
a slimy fluid secreted by the male, and 
this may take place either inside or out of , 
the female body. This fluid is called • 
sperm, or the male seed. Sperm, like 
saliva or blood, is not a simple fluid, but ' 
a thick agglomeration of innumerable | 
cells swimming about in a comparatively 1 
small quantity of fluid. It is not the fluid, 
but the indepoident male cells that swim 
it it, that cause conception. 

The spermatozoa of the gp^t majority 
ofanimwhave two charactwistic features. 


zoidia) ; they arc now scientifically known 
as tpermia or spetmtdta, or as spetmato- 
somata (seed-bodies) or spcrmatoJUa (seed 
threads). It took a good deal of com- 
parative reasearch to convince us that 
each of these spermatozoa is really a 
simple cell. They have the same shape 
as in many other vertebrates and most of 
the invertebrates. However, in many of 
the lower animals they have quite a 
different shape. Thus, for instance, in 
the craw fish they are large rdund cells, 
without any movement, equipped with 
stiff outgrowths like bristles (Fi^. zi/). 
They have also a peculiar form in 
of tiie worms, such as the thread- 
(JUariaJ; in this case they are som 
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amaeboid and like very small ova (Fig. ciliated cell, and these are common to 
ai c~e). But in most of the lower man and the anthropoid ape. The head 
animals (such as the sponges and polyps] CiJ encloses the elliptic nucleus in a thin 


they have the same pine-cone sham 
and the other mammals (Fig. 

a. k) 



envelope of cytoplasm ; 
flattened on one side, and thus looks 
rather pear-shaped from the front ("dj. 
In the central piece (m) we can distin- 
guish a short neck and a longer connective 
piece (with central body). The tail consists 
of a long main section (AJ and a short, 
v^ fine tail CeJ. 

The process of fertilisation by sexual 
conception consists, therefore, essentially 
in the coalescence and fusing together 
of two different cells. The lively spemw- 
tozoon travels towards the ovum by its 
Mrpentine movements, and bores its way 
into the female cell (Fig 33). The nuclei 
of both sexual cells, attract^ by a certain 
“affinity,” approach each other and melt 


■ liim.Y . ~^i^!!?**“*** ^ various 

worm (aimmioid apermatozoa / from a 
(atai-ahaped), g from the aalamander (with 
membrane). A of an annehd (a and A — 


: Dutch naturalist Leeui 
hoek discovered these thread-like lively 
particles in 1677 in the male sperm, it was 
generally believed that they were special, 
independent, tiny animalcules, like the 
infusoria, and that the whole mature 
organism existed already, with all its 
parts, but very small and packed together, 
in each spermatozoon (see p. 12). We 
now know that the mobile spermatozoa 
are nothing but simple and real cells, of 
the kind tl^t we call “ ciliated ’’ (equipped 
with lashes, or ctfta). In the previous 
illustrations we have distinguished in the 
^rmatozoon a head, trunk, and tail. 
The “head” (Fig. 20 i) is merely the 
o\al nucleus of the cell; the body or 
middle-part Cm) is an accumulation of 
cell-matter; and the tail isa thread- 
like prolongation of the same. 

Moreover, we now know that these 
spermatozoa are not at all a peculiar form 
of cell ; precisely similar cells are found 
in various other parts of the body. If 
they have many sliort threads projecting, 
they are called ciltated; if only one long, 
whip-shaped process (or, more rarely, two 
or four), caudate (tail^) cells. 

Very careful recent examination of the 
spermia, under a very high microscopic 
power (Fig. 22 a, b), has detected some 
further details in the finer structure of the 


Is quite ai 

-- infertilised ceil. For if we must 
regard the spermia as real cells no less 
than the ova, and the process of concep- 
* of the tW' 

nsider the ri ^ 

and independent organism. It bears in 
the cell and nuclear 
matter of the pene- 
trating spermatozoon 
a part of the father’s 
body, and in the pro- 
toplasm and caryo- 
plasm of the o\’um a 
part of the mother’s 
body. This is clear 
from the feet that the 
child inherits many 
features from both 
parents. It inherits 
from the father by 
means of the sperma- 
tozoon, and from the 
mother by means of 
the ovum. The 


. <■.— A siiisle human ipewnatoMOB nu«nt< 
lOdo tma* , a ahinn it from the broader aal b 
the narrower eide. A head (with nudeua), m 
Mteni.Akiaf-ttaiii.aiid«taa. (FromXed^) 



54 CONCEPTION 


ctual blending ol the two cells produc 
third cell, which is the germ of t 
child, or the new organism conceived. 
One r , ' , ' ' ’ 

e that the stem-cell ts a stmj 
phrodtie; it unites both sexual s 
in itself. 

I think ^ 

fundamental importance of tnis * , 

but often unappreciated, feature in older 
to have a correct and clear idea of concep- 
tion. With that end, 1 have given a 
special name to the new cell from which 
the child developes, and which is gene- 
rallj looselvcall^ “the fertilised o\um,’* 
or “ the first segmentation sphere.” I 
rail it “the stem-cell” (cytula). The 
name “ stem-cell ” seems to me th 
simplest and most suitable, because all 
the other cells of the body are derived 
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it, and because 

m-fathcr and stem-mother 
of all the countless generations of cells 
of which the multicellular organism 
IS to be composed. That complicated 
molecular movement of the protopLasm 

‘ life” 

thing quite dilTere 

what we find in the two parent-cells, from 
the coalescence of which it has issued. 
The life of the stem-cell or cytula ts the 
product or resultant of the paternal hfe- 
mwoement that ts conveyed in the spermato- 
Boon and the maternal life-movement that 
IS contributed by the ovum. 

The admirable work done by 1 

anitniifa, convpences with the formation 


I of a simple “stem-cell ” of this c , 

and that this then passes, by repeated 

segmentation (or cleavage), i-‘ ' 

, known as “the segmentatio,. 
sphere” or “segmentation cells.” The 
process is most clearly observed in the 
ova of tlie echinoderms (star-fishes, sea- 

rchins, etc.). The in\ 

Oscar and Richard Hertwig were chiefly 
directed to these. The main results may 
be summed up as follows . — 

I _ Conception is preceded by certain pre- 
I liminary changes, which are very ncces- 
I sarj' — in fact, usually indispensable — for 
Its occurrence They are comprised under 
the general heading of “Changes prior 
to impregnation.” In these the original 
jclcus of the ovum, the germinal vesicle, 
is lost. Part of it is extruded, and part 
dissolved in the cell contents ; only a very 
small part of it is left to form the basis -'*■ 
a fresh nucleus, the pronucleus femtntnu 
It IS the latter alone that combines i 
conception with the invading nucleus i 
the fertilising spermatozoon (the pro 
cleus masculmus). 

The mpregnation of the ovum com- 
mences with a decay of the germinal 
vesicle, or the original nucleus of the 
ovum (Fig. 8). We have seen that this 
IS in most unripe o\ a a large, transparent, 
round vesicle. This germinal vesicle 
contains a v iscous fluid (the caryolymph). 
The firm nuclear frame ( caryobasis) is 
formed of the enveloping membrane and 
a mesh-work of nuclear threads running 
across the interior, which is filled with 
the nuclear sap In a knot of the network 
is contained the dark, stiff, op.aquc nuclear 
corpuscle or nucleolus. When the im- 
pregnation of the ovum sets in, the greater 
p.'ut ot the germinal vesicle is disscdvcd 

I in the cell , the nuclear membrane and 
mesh-work disappear, the nuclear s.ip is 
distributed in the protoplasm , a small 
I portion of the nuclear base is extruded , 

I .mother small ' ' “ ' ' “ ’ 

■condary 11 

female pro-nucleus (Fig. 24 e i) 

The small portion of the nuclear bas 
which is extruded from the impregnatei 
ovum IS knowm as the “directive Ixidles 
or “ polar cells ” ; there arc many dispute 
as to their origin and signifi^ncc, bu 

they . 

round granules, of t‘ 

^pearance as the remaining pro-nucleus. 
Tney are detached cell-buds ; their separa- 
tion firom the large mother-cell takes 


CONCEPTION 


55 


pl^ in the same way as in ordinary | these innumerable spermatozoa is chosen 
“indirect cell-division'’ Hence, the — namely, the one that first reaches the 
polar cells are probably to be conceived ovum by the serpentine motions of its 
as “ abortive ova,”or “rudimentary ova,” | tail, and touches the ovum with its head, 
which proceed from a simple „ the spot where the i 

ovum by cleavag^e in the same way that touches the surface of tne ovum tne 
several sperm-cells arise from one “ sperm- protoplasm of the latter is raised in the 
mother-cell,” in reproduction from sperm form of a small wart, the “ impregfnation 
The male sperm-cells in the testicles must nse” (Fig. 25 A). The spermatozoon 
undergo similar changes in view of the then bores its way into this with its head. 


— — 

..laturing of the 
iach of the original seed-cells 
jy double segmentation into fo 
daughter-cells, each furnished with 
fourth of the original nuclear matter (the 
hereditary chromatin) , and each of these 
:endant cells becomes a I 

soon, ready for impregnation. Thus is 
prevented the doubling of the chromatin in 
the coalescence of the two nuclei at con- 
ception. As the two polar cells are ex- 
truded and lost, and have no further part 
in the fertilisation of the ovum, we need 
not discuss them any further. But we 
must give more attention to the female 
pro-nucleus which alone remains after the 
Hilar cells .ind the dis- 
iin.il vesicle ( Fig. 23 e 
corpuscle of chromatin 
Ire of attraction for the 


male pro-nucleus.^ The product of thi 
blending, which is the most importan 
part of the act of impregnation, is th 


scHtuent embrjonic processes. 

Hertwig has shown th.it the tiny trans- 
parent o\.i of the echinoderms are the j 

of this import.-u 
We can, in thi* 
fully accomnl 

ind follow the - - 

‘p by step within the space of ten 
inutes. If we put ripe o\a of the star- 

fluid, we find each ovum 
within five minutes. Thou 
fini , 

described as “ sperm-threads ” (Fig. 20), 
“lake their way to the ova, owing to a 
□rt of chemical sensitive action which 
lay be called “ smelL” But only one of 


■ s tail outside wriggling about all the 
ne (Fig. 25 B, C). Presently the tail 
io disappears within the ovum. At the 
me time the ovum secretes a thin 

external yelk-membrane (Fig. 25 C), 

tartin^ from the point of impregnation , 
nd this presents any more spermatozoa 

Inside the impregnated c 
ee a rapid series of i 

■ The pear-shaped head of the 



Fio Z4.— An Impregnated eotatnoderm ovum 
with iiin.-UI homogeniwus nudeui (eij (Frur 


xm," grow s larger and round 
is converted inlo the male pro- 
(Fig. 26 j A) This has an at 
influent^ on the fine granules 


They mose towards each other inside 
the yelk with increasing speed, the 

lale nucleus takes with it the radiat 
lanllc which spreads like a star about i 
!-.ct '.*'C -r-_ — ' - • *■' ch (usually 

in the centre of the globular ovum), lie 
close together, are flatten^ at the points 
of contact, and coalesce into a common 
mass The small central pardds of 
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nuclein which is formed {nm this com- 1 
Unation of the nuclei is the stem-nucleus 
or the first segmentation nucleus; th 
new-formed cell, the product of the im 
pregnation, is our stem-cell, or “firs 
se^entation sphere ” (Fig. a). 

Hence the one essential point in th 
process of sexual reproduc ' ir impreg- 
' ' ■ V cell, the 

stem-cell, by the combination of two origi- 
nally diflerent cells, the female ovum and 
the male spermatozoon. This process is 
of the highest importance, and merits our 
closest attention ; all that happens in the 
later development of this first cell and in 
the life of the organism that comes of it 
is determined from the first by the chemi- 
cal and morphological composition of the 
stem-cell, its nucleus and its body. 
must, therefore, make a very careful 


nucleus the function of g^eneratii. 

heredity, and to the nutritive protoplasm 
the duties of nutrition and adaptation. 
As, moreover, there is a complete coales- 
cence of the mutually attracted nuclear 
substances in conception, and the new 
nucleus formed (the stem-nucleus) is the 
ial starting-point for the development of 
the fresh org^ism, the further 
may be drawn that the male nucleus 
conveys to the child the qualities of the 
father, and the female nucleus the features 
ot the mother. We must not forget, 
however, that the protoplasmic bodies of 
the copulating cells also fuse together in 
the act of impregnation ; the cell-body of 
the invading spermatozoon (the trunk and 
ail of the male ciliated cell) is dissojyed 
■ s yelk of the fern 
=mportai 



study of the rise and structure of the stem- | 
cell. ' 

The first question that arises is as t 
the behaviour of the two difiereat activ 
elements, the nucleus and the protoplasm 
' 's obviou 

that the nucleus plays the more important 
part in this. Hence Hertwig puts his 
theory of conception in the principle ; 
“ Conception consists in the copulation of 
two cell-nuclei, which come from a male 
and a female cell.” And as the pheno- 
menon of heredi^ is inseparably connected 
with the reproductive process, we may 
further conclude that these two copu- 
lating nuclei “convey the characteristics 
which are transmitted from parents to 
offspring.” In this sense I had in i8K 
(in the ninth chapter of the General 
Morphology) ascribra to the reptxxlurdve 


the nuclei, but it must not ho overlooked ; 
though t' ' , 

known to us, we sec clearly at least the 
formation of the star-like figure (the radial 
arrangement of the particles in the 
plasma) in it (Figs. 26-27). 

The older theories of impregnation 
generally went astray in regarding the 
urge ovum as the sole base of the new 
organism, and onlv ascribed to the sperma- 
tozoon the work of stimulating and 
originating its development. The stimu- 
lus which It gave to the ovum was some- 
times thought to be purely chemical, at 
other times rather physical (on the prin- 
ciple of transferred movement), or again 
a mystic and transcendental process. 
This error was partly due to the inmer- 
fect knowledge at tHat time of the facts 
of impregnation, and partly to the striking 
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difference in the sizes of the two sexual | 
cells. Most of the earlier ob^rvers 
thought that the spermatozoon did not 
penetrate into the ovum. And even when 
this had been demonstrated, the s{)erma- 
tozoon was believed to disappear in the 
ovum without leaving a trace. However, 
the splendid research made in the last 
three decades with the finer technical 
methods of our time has completely 
exposed the error of this. It has been 
shown that the tiny sperm-cell is not 
subordinated to, but co-ordinated with, the 
large ovum. The nuclei of the two cells, 
as the vehicles of the hereditary features 
of the parents, are of equal physiological 
importance. In some cases we na\e 
succeeded in proving that the mass 
of the active nuclear substance which 


The striking differences of the respective 
sexual cells in size and shape, which 
ocpisioned the erroneous views of earlier 
scientists, are easily e»lained on the 
principle of division of labour. TTie 
inert, motionless ovum grows in size 
according^ to the quantity of provision it 
stores up in the form of nutritive yelk for 
fhe development of the ^erm. The active 
swimming sperm-cell » reduced in size 
in proportion to its need to seek the ovum 
and bore its way into its yelk. These 
differences are very conspicuous in the 
higher animals, but they are much less 
in the lower animals In those protists 
(unicellular plants and animals) which 
have the first rudiments of sexual repro- 
duction the two copulating cells are at 
first quite equal. In these cases the act 
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sexual nuclei is originally the same for 
both. 

These morphological facts are in perfect 
harmony with the familiar physiological 
truth that the child inherits from both 
parents, and that on tlie average they 
are equally distributed. I say “ ca the 
average,” because it is well known that a 
child may have a ma^atcr likeness to the 
father or to the mother ; that goes without 
saying, as far as the primary sexual cliar- 
acters (the sexual glands) are concerned. 
But it is also possible that the determina- 
tion of the latter — the weighty deter- 
mination whether tl.e child is to be a boy 
or a girl — depends on a sli(|^ht qualitative 
or quantitative difference in the nuclein 
or the coloured nuclear matter which 
which comes from both parents in the act 
of conception. 


sudden g-nmdh, in which the originally 
simple cell doubles its volume, and is 
thus prepared for reproduction (cell- 
ditision). Afterwards slight differences 
are seen in the size of the copulating 
cells ; though the smaller ones still have 
‘he shape as the larger or.ee. It 

s only when the difference in size is 
'ery pronounced that a notable difference 
n shape is found : the sprightlv sperm- 
ell changes more in shape and the ovum 

vuiic Ml iiMiiiuuy with this new in- 
ception of the equivalence of the two 
gonads, or the equal physiological im- 
portance of the male and female sex-cells 
and their equal share in the process of 
heredity, is the important fact established 
by Hertwig (1875), that in normal impr^ 
nation only one single speitnatosoon 
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copulates with one ovum ; the membrane 
which is raised on the surface of the yelk 
immediately afler one sperm-cell has 
penetrated (Fig. 35 C) prevents any 
others from entering. All the nvals ot 
the fortunate penetrator are excluded, 
and die without. But if the ovum passes 
into a morbid state, if it is made stiff by 
a lowering of its temperature or stupefied 
with narcotics (chloroform, morphia, 
nicotine, etc.), two or mort, spermatozoa 
may penetrate into its yelk-bod>. We 
then witness polyspermism. The more 
Hertwig chloroformed the ovum, the 
spermatozoa were able to bore tl 
onscious bod} . 



Fic aS.- Stem-cell of a rabbit. m.tfnificd aoo 

UineH. Jn the centix ot (he f^ranular protoploum of the 
fertOtfleJ o^um (dj is seen the httlc, bnifht stem> 
nucleus, s is the u«i>lemina with a mucoun mem- 
brane (AJ. s arc dead npcimatozaa. 


These remarkable facts of impregnation 
in psythiv 

•“S)’. especiall} as regards the theory of 
the cell-soul, which 1 consider to be its 
chief foundation. The phenomena we 
- 

and explained by ascribing a cert. er 

dejfree of p^chic activity to th al 

principles. They feel each othe 1- 

mity, and are drawn t „ _ 

live impulse (probably related to smell) ; 
they move towards each other, and dc .. 
rest until they fuse together. Physio- 
logists may say that it is only a question 
of a peculiar physico-chemical pheno- 
iiiciiuii, Olid iiui a psychic action , uui lia. 
two cannot be separated. Even the 
psychic functions, in the strict sense of 
the word, are only complex physical 


processes, or “ psycho - physical ” phe- 
nomena, which are determined in all 
cases exclusively by the chemical com- 
position of their material substratum. 

The monistic viewof the matter becomes 
clear enough when we remember the 
radical importance of impregnation as 
regards heredit} . It is well known that 
not only the most delicate bodily struc- 
tures, but also the subtlest traits of mind, 
are transmitted from the parents to the 
children. In this the chromatic matter 
of the male nucleus is just as important 
a vehicle as the lar^c caryoplasmic sub- 


and the other those of the mother, 
blending of the two parental nuclei deter- 
mines the individual ps}chic cliaracter of 
the child. 

But there is another important ps}cho- 
logical question— the most important of 
all — that has been definitely answ'cred by 
the recent discoveries in connection wiin 
conception. This is the question of the 
immortalit} of the soul No fact throws 
more light on it and refutes it more con- 
vincingly th.in the element. try process of 
conception that vve have described. For 
this copul.it ion of the two sexual nuclei 
(Figs 2b -27) mdic.ites the precise moment 
at w hich the indiv idual begins to exist. .\ll 
the bodily and mental fcaturesof the new- 
born child arc the sum-total of the hercHii- 
Uiry qualities which it has received in 
reproduction from parents and ancestors. 
.'Ml that man acquires afterwards in life 
by the exercise of nis organs, the influence 
ot his environment, and education — in a 
word, by adaptation- -c.mnot obliterate 
that general outline of his being which 
he inherited from his parents. But this 
hercdit.ary disposition, the essence of 
every liunmn soul, is not “eternal,” but 
“ temporal ”, it comes into being only at 
the moment when the sperm-nuileus of 
the father and the nucleus of the matem.il 
ovum meet and fuse together. It is 
clearly irrational to assume an “eternal 
life without end ” for an individual pheno- 
menon, the commencement of which we 
can indicate to a moment by direct visual 
observation. 

The great importance of the process of 
impregnation in answering such ques- 
tions is quite clear. It is true that 
, studied n 

o|Mcally in all its details in the human 

se — notwithstanding its occurrence at 

ery moment— for reasons that are 
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However, the two cells I to vital properties (physiologically). It 

which need consideration, the female partly from the lather and partly 

and the male spermatozoon, proceed in the mother. Hence it is not sur- 

g that the child who is developed 
in all the other mammals , the human from it inherits from both parents. The 
foetus or embryo which results from vital movements of each of these cells 
copulation has the same form as with the form a sum of mechanical processes 
other animals. Hence, no scientist who which in the last analysis are due to 
is acquainted with the facts doubts that movements of the smallest vital parts, or 
the processes of impregnation are just the the molecules, of the living substance, 
same in man as in the other animals. If we agree to call this active substance 

The stem-cell which is produced, and plasson, and its molecules plashdules, we 
with which every man begins his career, may say that the individual physiological 
cannot be distinguished in appearance character of each of these cells is due 
from those of other mammals, such as the to its molecular plastidule- movement, 
rabbit (Fig. 38 ). In the case of man. Hence, the plastidule-movement of the 
also, this stem-cell differs materially from cytula tr the resultant of the combined 
the original ovum, both in regard to form plastuiule-movements of the female ovum 
(morphologically), in regard to material and the male sperm-cell.' 
composition (chemically), and in regard 


Chapter VIII. 

THE GASTRzEA THEORY 

There is a substantial agreement through- as in the more highly-developed molluscs, 
out the animal world in the first changes echinoderms, articulates, and vertebrates, 
which follow the impregnation of the ovum In all these metazoa, or multicellular 

and the formation of the stem-cJI ; they animals, the chief embryonic processes 
begin in all cases with the segmentation are substantially alike, although they 
of the ovum and the formation of the often seem to a superficial observer to 
germinal layers. The only exception is differ considerably. The stem-cell that 
found in the protozoa, the very lowest and proceeds from the impregnated ovum 
simplest forms of animal life ; these always passes by repeated cleavage into 
remain unicellular throughout life. To a number of simple cells. These cells 
this group belong the amoebae, gregarinae, are all direct descendants of the stem- 
rhizopods, infusoria, etc. As their whole cell, and are, for reasons we shall see 
organism consists of a single cell, they presently, called segmentation-cells. The 
can never form germinal layers, or repeated cleavage of the stem-cell, which 
definite strata of cells. But all the other gives rise to these segmentation-spheres, 
animals — all the tissue-forming animals, has long been known as “segmenta- 
or metasoa, as we call them, in contra- tion ” Sooner or later the segmenta- 
distinction to the protozoa — construct real tion-cells join together to form a round 
germinal layers by the repeated cleavage (at first, globular) embryonic sphere 
of the impregnate ovum. This we find ' ( blastula ) ; they then form into two very 
in the lower cnidaria and worms, as well , different groups, and arrange themselves 

> The I^aeeon of the itenMetl or cytuU may, from the anatomical pomt of new, be renrded ai homo- 
smeoiia and itructureleaa, like that of the monera. Thie la not inoooaiatent with our hypothetical aicrmtiaa 
to the plae ta lu l ee (or moleoilee of the plaaaon) of a oomplea molecular etructure. The complexity of thia ■ the 
greater in proportioo to the complexity of the organiem that n deretoped horn it and the Iragth of the chain of 
to ancertty, or to the multitude of a nt ec eden t pro c eeee e of heredity and a d a pt a tion . 
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in two separate strata — the two primary 
germinal layers. These enclose a diges- 
tive cavity, the primitive gut, with an 
opening, the primitive mouth We give 
the name of the gastrula to the important 
embryonic form that has these primitive 
organs, and the name of ^strulation to 
the formation of it. This ontogenetic 
process has a very great signthcance, 
and is the real starting-point of the 
construction of the multicellular animal 
bo^. 

Tne fundamental embryonic processes 
of the cleavage of the ovum and the 
formation of the germinal layers have 
been very thoroughly studied in the last 
thirty years, and their real significance 
has bron appreciated They present a 
striking variety in the different groups, 
and it was no light task to prove their 
essential identity in the whole animal 
world But since 1 formulated the 
gastraea theory in 1872, and afterw-ards 
(1875) reduced all the various forms of 
segmentation and gastrulation to one 
fundamental type, their identity may be 
said to have t^n established We have 
thus mastered the law of unity which 
governs the first embryonic processes in 
all the animals 

Man is like all the other higher animals, 
esp^ially the apes, in regard to these 
earliest and most important processes. 
As the human embry'o docs not essentially 
differ, even at a much later stage of 
development — when we already perceive 
the cerebral vesicles, the eyes, ears, gill- 
arches, etc — from the similar forms of 
the other higher mammals, we may con- 
fidently assume that they agree m the 
earliest embryonic processes, segmenta- 
tion and the formation of germinal layers 
This has not yet, it is true, been estab- 
lished by observation. We have never 
yet had occasion to dis.scct a woman 
imm^iately afler impregnation and 
examine the stem-cell or the segmenta- 
tion-cells in her oviduct. However, as 
the earliest human embryos we have 
examined, and the later and more 
developed forms, agree with those of the 
rabbit, dog, and other higher mammals, 
no reasonable man will doubt but that 
the segmentation and formation of layers 
are the same in both cases. 

But the special form of segmentation 
and layer formation which we find in the 
mammal is by no means the original, 
simple, palingenetic form. It has been 
much modified and cenogenetically 


altered by a ve^ complex adaptation to 
embryonic conditions. We cannot, there- 
fore, understand it altogether in itself. 
In order to do this, we have to make a 
comparative study of segmentation and 
layer-formation in the animal world ; and 
we have especially to seek the original, 
palingenetic form from which the modified 
cenogenetic (see p. 4) form has gradually 
been developed. 

This original unaltered form of seg- 
mentation and layer-formation is found 
to-day in only one case in the vertebrate- 
stem to w’hich man belongs — the lowest 
and oldest member of the stem, the 
w'ondcrful lancelet or amphioxus (cf 
Chapters XVI and XVI 1 ) But we find 
a precisely similar palingenetic form of 
embryonic development in the case of 
many of the invertebrate animals, as, for 
instance, the rem.irk.ible ascidia, the 
pond-snail (Limnipus). the arrow -worm 
( Sagitta J, and m.any of the echinodcrms 
and cnidan.i, such as the common star- 
fish and sea-urchin, many of the medusae 
and corals, and the simpler sponges 
f Olyntkus ). We may take as an illus- 
tration the palingenetic segmentation and 
germinal layer-formation in .an eight-fold 
insular coral, which 1 discovered in the 
Red Sea, and described as Afonoxenia 
Datunnit 

The impregnated ovum of this coral 
(Fig. 29 .\, H) first splits into two equal 
cells (C) First, the nucleus of the stem- 
cell and Its central body divide into two 
halves. These recede from and repel 
each other, and .act as centres of attnaction 
on the surrounding protoplasm , in con- 
sccjuence of this, the protoplasm is con- 
stricted by a circular furrow, and, in turn, 
divides into two halves. Each of the 
two segmentation-cells thus produced 
splits in the same way into two equal 
cells. The four .segmentation-cells (grand- 
daughters of the stem-cell) lie in one 
plane. Now, however, each of them sub- 
divides into two equal hiilves, the cleavage 
of the nucleus again preceding that of the 
surrounding protoplasm. The eight cells 
w'hich thus arise break into sixteen, these 
into thirty-two, and then (each being 
constantly halved) into sixty-four, 128, 
and so on.* The final result of this 
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repeated cleavage is the formation of a 
globular cluster of similar segmentation- 
ceHs, which we call the mulberry-forma- 
tion or morula. The cells are thickly 
pressed together like the parts of a mul- 
berry or blackbeny, and this gives a 
lumpy ^pcarance to the surface of the 
sphere (Fig. E).' 

When the cleavage is thus ended, the 
mulberry-like mass changes into a hollow 
globular sphere. Watery fluid or jelly 
gathers inside the globule ; the segmenta- 
tion-cells are loosened, and all rise to the 
surface. There they are flattened by 
mutual pressure, and assume the shape 
of truncated p> rainids, and arrange them- 
selves side by side in one regular layer 
(Figs. F, G).* This layer of cells is called 
the germinal membrane (or blastoderm) , 
the homogenetius cells which compose 
Its simple structure arc called blastodermic 
cells ; and the whole hollow sphere, the 
walls of which are made of the preceding, 
is called the hlastula or hlastospherr.' 

In the case of our coral, and of m.m> 
other lower forms of animal life, the 
young embrjo begins at once to move 
independently and swim about in the 
water, A fine, long, thread-like process, 
a sort of whip or lash, grows out of each 
blastodermic cell, and this independently 
executes vibratory movements, slow at 
first, but quicker after a time (Fig F) 
In this way each blastodermic cell becomes 
a ciliat^ cell. The combined force of all 
these vibrating lashes causes the whole 
blastula to move about in a rotatory 
fashion. In many other animals, espe- 
cially those in which the embryo developes 
within enclosed membranes, the ciliated 
cells are only formed at a later stage, or 
even not formed at all. The blastosphcre 
may grow and expand by the blastodermic 
cells (at the surface of the sphere) dividing 
and increasing, and more fluid is secreted 
in the internal cavity. There are still 
to-day some organisms that remain 
throughout life at the structural stage of 
the blastula — hollow vesicles that swim 
about by a ciliary movement in the water. 


usually to be quite unular, and toyresent nodf^hrenoes 
as to SIM, form, and compomtion. That, however, 
does not prevent them from differentiating mto animal 
and vuffetative celk, even dumw the deavaarei 
* The htastula of the lower animala must ijbt 
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the wall of which is composed of a single 
layer of cells, such as the volvox, Uie 
magosphaera, synura, etc. We shall 
speak further of the great phylogenetic 
significance of this fact in the nineteenth 
Chapter. 

A very important and remarkable 
process now follows — namely, the curving 
or invagination of the blastula (Fig. H). 
The vesicle with a single layer of cells for 
wall is converted into a cup with a wall 
of two layers of cells (cf. Figs. G, H, I). 
A certain spot at the surface of the sphere 
is flattened, and then bent inward This 
depression sinks deeper and deeper, 

f rowing at the cost of tW internal ca\ ity. 

lie latter decreases as the hollow deepens. 
.At last the internal cavity disappears 
altogether, the inner side of the blastoderm 
(that which lines the depression) coming 
to lie close on the outer side. .At the 
same time, the cells of the tw'o sections 
assume different sizes and shapes , the 
inner cells arc more round and the outer 
more oval (Fig 1). In this w.iy the 
embryo takes the form of a cup or j,ir- 
shaped body, with a wall made up of two 
layers of cells, the inner cavity of which 
opens to the outside at one end (the spot 
where the depression was originally 
formed). We call this very important 
and interesting cmbry’onic form the “cup- 
embryo ” or “ cup-larva ” {^astrula. 
Fig 29, I longitudinal section, Kextemal 
view) I have in my Natural History of 
Creation given the name of depnla to the 
remarkable intermediate form which 
appears at the pass.ige of the blastula 
into the gastrula In this intermediate 
stage there are two cavities in the emb^'o 
— the original cavity (blastocael) which 
is.disappearing, ana the primitive gut- 
cavity (progaster) which is forming. 

1 regard the gastrula as the most 
important and significant embryonic form 
in the animal world. In all real anim.als 
(that is, excluding the unicellular protists) 
the segmentation of the ovum produces 
cither a pure, primitive, palingcnetic 
gastrula (Fig. 29 I, K) or an equally 
instructive cenogenctic form, which has 
been developed in time from the first, 
and can be directly reduced to it. It is 
certainly a fact of the greatest interest 
and instructiveness that animals of the 
most different stems — vertebrates and 
tunicates, mollu-scs and articulates, echino- 
derms and annelids, cnidaria and sponges 
— proceed from one and the same embry- 
onic ibrm. In illustration 1 give a few 
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pure gfptrula torms from various groups half round, or even almost round, and 
of animals (Figs. 30-35, explanation in others lengthened out, or almost 
given below eachT cylindrical. 

In view of this extraordinary signili- I give the name of primitive gut ( pro- 
cance of the gastruia, we must make a and primitive mouth ('/mrfoaw^ to 

vciy careful study of its original structure the internal cavity of the gastrula-body 
As a rule, the tvpical gastruia is very and its opening , iiecause this cavity js the 
small, being invisible to the naked eye, or first rudiment of the digestive cavity of 
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^Fm^f GMtFula of a very simple prlmitlve-aut animal or gastrmad (gastrophysema). 
Fw 31 -Gastruia of a worm (SagMa). (From Abwofcra^ ) 

Fm, 3J ret— Gastruia of an eohlnoderm (atai-eah. UmtUr), not comidetdy folded in (depula). (From 
AkxnHiter Armais . ) 


Fkj. 33 r-0>— Gastruia of an arthropod (pnmiUve crab, Kmnpliut) (aa 32). 

Fm. 34 r^t -Gastruia of a molluse (pond-anad, LimiunaX (From A'aW A?a«.) 

FiO. 35 r/^t— Gastruia of a vertebrate (lancefct, Aafiiaxm). (From Kamtlertky ) (Front vmar ) 

In each figure d u the pnmitivo.gut canty, o pnoubve mouth, j aegmentation-caMty, 1 entoderm (guMayerX 


at the most only visible as a fine point the organism, and the opening originally 
under very favourable conditions, and served to take food into it. Naturally, 
measuring generally tIv to riv of an inch the primitive gut and mouth change very 
(less frequently * inch, or even more) in considerably afterwards in the various 
diameter. In shape it is usually like a classes ol animals In most of the 
roundish drinking-cup. Sometimes it is cnidaria and many of the annelids (worm- 
rather oval, at other times more ellipsoid like animals) they remain unch^gra 
or spindle-sliaped ; in some cases u is throughout life. But in most of the 
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higher animals, and so in the vertebrates, 
only the larger central part of the later 
alimentary canal developes from the primi- 
tive gut , the later mouth is a fresh 
development, the primitive mouth dis- 
appearing or changing into the anus. 
We must therefore distinguish carefully 
between the primitive g^t and mouth of 
the gastrula and the later alimentary 
canal and mouth of the fully developed 
vertebrate.' 

The two layers of cells which line the 
gut-cavity and compose its wall are of 
extreme imoortance. These two layers, 
which are the sole builders of the whole 
or^nlsm, are no other than the two 
primary germinal Liyers, or the primitive 


I aU the meteuma or multuxUular ammals. 
The skin-layer forms the external skin, 
the gut-layer forms the internal skin or 
lininf^ of the body. Between these two 
genninal layers are afterwards developed 
the middle germinal layer ( mcsoderma ) 
and the body-cavity ( cceloma ) filled with 
blood or lymph. 

The two primary genninal layers were 
first distinguished by Pander in 1817 in 
the incubated chick. Twenty years later 
(1849) Huxley pointed out that in many 
of the lower zoophytes, especially the 
medusa:, the whole body consists through- 
out life of these two primary germinal 
layers Soon afterw'ards (1853) Allman 
introduced the names which have come 



Fio. jS.— Gastnda of a lower sponse (olrnthut). A external view, B lonnluchnal ucctnin lhnHi|;h the 
azu, g pnmitive.S^t canty, a pnmitive moutlHperturc, 1 inner cell-lav cr (cntniemi, emloblast, irui-lu}erj, 
r ezttxnal celMaycr (outer germinal layer, ectoderm, cctoblaxt, or iikin-l.*i} vr) 


germ-lay'crs. I have spoken in the intro- 
ductory section (Chapter HI.) of their 
radical importance. The outer stratum 
is the skin-laycr, or ectoderm (Figs. 
30-35 e); the inner stratum is the gut- 
Isyrer, or entoderm ( i). The former is 
often also called the cctoblast, or epiblast, 
and the latter the endoblast, or hypoblast 
From these two primary germinal layers 
alone is developed the entire organism of 


> Hy datinctun (iSye) between the primitive gut and ' 
mouth and the later permanent xtomach (mgtmmttrr) ' 


ul moudi ( mftttBoma) han been much entnaned , but 
- an much juitified as the distinction between the , 
iitive kidneys and the penaanent kidneys. Pio- I 


into gcncr.al use ; he called the outer 
layer the ectoderm (“outer-skin”), and 
the inner the entoderm (“inner-skin”). 
But in 1867 It was shown, particularly by 
Kowalcv.sky, from comparative observa- 
tion, that even in invertebrates, also, of 
the most different cl.-isses — annelids, 
molluscs, cchinoderms, and articulates — 
the body is developed out of the same tw o 
primary layers. Finally, I discovered 
them (1872) in the lowest tissue-forming 
animals, the sponges, and proved in my 
gastraia theory that these two layers must 
be regarded as identical throughout the 
animal world, from the sponges and corals 
“ insects and vertebrates, including 
This funtlamcntal “hPinology 
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[identity] of the primary germinal layers finally, in a slightly modified form, in 


and the pnmitive f^t has been confirmed 
during tne last thirty years by the careful 
research of many able observers, and is 
now pretty generally admitted for the 
whole of the metazoa. 

As a rule, the cells which compose the 
two ^nmary germinal layers show appre- 

stage. Generally (if not always) the cells 
of the skin-layer or ectoderm (Figs. 36 c, 
37 «) are the smaller, more numerous, 

layer, or entoderm ( t ), are larger, les 
numerous, and darker. The protoplasr 
of the ectodermic (outer) cells is clears 

m.itter of the entodcrmic (inner) cells , the 
latter .ire, as a rule, much richer in \elk- 
gr,inules(,ilbumen and fatty particles)'than 
the former. .\lso the cellsbf the gut-layer 
h.ivo, as a rule, a stronger affinity for 
colouring m.itter, and take on a tinge in 
.1 solution of carmine, aniline, etc , more 
quickly and appreciably than the cells of 
the sk'in-layer The nuclei of the ento- 
denn-cells ai*. usually roundish, while 
those of the ectoderm-cells arc oval. 

When the doubling-process is complete, 
very striking histological differences 
between the cells of the two l.iyers are 
found (Fig. 37) The tiny, light ectoderm- 
cells (e) ,ire sharply distinguished from 
the larger and darker entoderm-cells f t). 
Frequently this differcnti.ition of the cell- 
iiirms sets in at a very early st.igc, during 


the lowest vertebrate (the amphioxus, 

lastrulation of the amphioxus is 
especially interesting because this lowest 
and oldest of all the vertebrates is.of the 

highest significance in com 

-I . .•-_ vertebrate stem, a 

... — jf man (cc...™-, 

Chapters XVI. and XVII.). Just as the 
comparative anatomist traces the most 
elaborate features in the structures of the 
rtebrates to divergent 
clopment from this simple primitive 

— mparativr 

econdary forms of ve 
' - -r--, pnm_._, 

formation of the germinal layers in the 



verv .ippreciable in the blastula. 

We h.^ve, up to the present, o 
sidcred that form of segmentat 
gastrulation which, for m.inyand w'eighty 
re.asons, we may regard as the origimal, 
primordial, or palingenetic form. Wc 

segment 

i rescmbl.once to each other at 
first (and often until the form.ation of the 
blastoderm) We give the name of the 
“ bell-gastrula,” or archi^trula, to the 
gastrula that succeeds it In just the 

-. - ‘h? ’ sidcred 

^ Fig. aq), we find it 

lowest zoophyta (the gastrophysema, Fig. 
30), and the simplest sponges (olynthus. 
Fig. 36) ; also in m.my of the medusae 
and hydrapolyps, lower types of worms of 
various classes (brachiopod, arrow-w'orm. 
Fig 31), tunicates (ascidi.i), many of the 
echinbderms (Fig. 32), lower articulates 
(Fig. 33), and molluscs (Fig. 34), and, 


mphioxus. Although this forn 

iguished from the cenogenetic modi- 
I ficatii ' ' ' ^ ' 

hole be regarded as palingenetic, it 
cvertheless different in some featui 
from the quite primitive gastrulation such 
as we have, for instance, in the Monoxenia 
(Fig. 29) and the Sagttta. Hatschek 
rightly observes that the segmentation of 
the ovum in the amphioxus is not stnctly 
equal, but almost equal, and approaches 
the unequal. The difference in ^ size 
between the two groups of cells continues 
to be very noticeable in the further course 
of the segmentation ; the smaller animal 
cells of the upper hemisphere divide more 
quickly than the larger vegetal cells of 
th • (Fig. 38 A, H). Her 
bla.stoderm, which forms the single-laver 
wall of the globular blastula at the end of 
the cleavage-process, doos not Consist nf 
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homogeneous cells of equal size, as in the the blastoderm (or the increase of its cells) 
^gitta and the Monoxenia ; the cells of being brisker on one side than on the 
the upper half of the blastoderm (the other ; the side that grows more quickly, 
mother-cells of the ectoderm) are more and so is more cur\ed (Fig. 39 v), will he 
numerous and smaller, and the cells of the anterior or belly-side, the opposite, 
the lower half (the mother-cells of the flatter side will form the b^k (d). The 
entoderm) less numerous and larger, primitive mouth, which at first, in the 
Moreover, the se^entation-cavity of the typical archigastrula, lay at the vegetal 
blastula (Fig. ^ C, k) is not quite pole of the main axis, is forced away to 
globular, but forms a flattened spheroid the dorsal side ; and whereas its two lips 
with unequal poles of its vertical axis, lay at first in a plane at right angles to 
While the blastula is being folded into a the chief axis, they are now so far thrust 
cup at the vegetal pole of its axis, the aside that their plane cuts the axis at a 
dinerence in the size of the blastodermic sharp angle. The dorsal lip is therefore 
cells increases (Fig. 38/), A); it is most the upperand more forward, the \entral lip 
consfncuous when the invag* ion is the lower and hinder. In the I.atter, at 
complete and the segmentation itj has the \cntrul passage of the entoderm into 

the ectixlerm, there 
he side by side a pair 
of ver)’ large cells, 
one to the right and 
3110 to the left (Fig. 

p ) : these arc the 
iniportaiil polar cells 
of the primitive 
mouth, or “the 
primitive cells of 
the mesoderm.” In 
consequence of these 
considerable varia- 
tions arising in the 
course of the gaslru- 
lation, the primitive 
uni-.i\inl form of the 
archigastrula in the 
amphioxus has al- 
read> become tri- 
nxial, and thus the 
t wo-sidcdncss, or 
bilateral .svmmetry, 
of the vertebrate 
body has already 
been determined, 
disappeared (Fig. 38 F). The larger This has been transmitted fro 
vegetal cells of the entoderm are richer in amphioxus to all the other mixlified 
granules, and so darker than the smaller gastrula-forms of the vertebrate stem, 
and lighter animal cells of the ectoderm. Apart from this bilateral structure, the 
But the unequal gastrulation of the gastrula of the amphioxus resembles the 
amphioxus diverges from the typical equal tvpcal archigastrula of the lower animals 
cl^vage of the SagMa, the Monoxenta (Figs.30-36)m developing the two primary 
(Fig. 39), and the Olynthus (Fig. 36), in germinal layers from a single layer of 
another important particular. The pure ^ cells. This is clearly the oldest and 
archigastrula of the latter forms is uni- ' original form of the metazoic embryo, 
axial, and it is round in its whole length in I Although the animals 1 have mentioned 
transverse section. The vegetal pole of the belong to the most diverse classes, they 
ve^cal axis is just in the centre of the nevertheless agree with each other, and 
primitive mouth. This is not the case in many more animal forms, in having 
the gastrula of the amphioxus. Durii^ . retained to the present day, by a conser- 
the toldingof the blastula the ideal axis » | vative heredity, this palingcnetic form of 

already bent on one sidOi the gtwth of ' gastrulation which they Mve from their 
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MrliMt common an^stors. But this is can dearly be distinpiished from the 
not the caM with the great majority of formative plasm. As a rule the forma- 
thc animals. With these the original tive-yelk (with the germWI vericleK 
embryonic proMsshM been gradually usually gathers at one pole and the fSal. 

less altered in the course of yelk at Ae other. The first is the 

and the ^nd the vegetal, pole of the 
segmentation of Ae ovum and the sub- In Aese “telol«-ithal ■> r.™ -ifi, 

aI^ yTrilt?---^’!^^--^--"-- - - -- ^"4. ^"’Phibia), the gastrula- 

if was^oP®‘n *1 r®i “""f °e- half splits up more quickly than 

not until I had m<^e an vegetd (lower). The contractions of Ae 
extensive comparative study, lasting a active protoplasm, which effect this con- 
fn"f ^nf'Th *8^7S). Knual cleav^eof the cells, meeta greater 

n animals ^the most Averse classes, resistance in the lower vegetal ha^ from 
-om J showing the same the passive deutoplasm than in the upper 

these appa- animal half. Hence we find in the Imier 
rtnll} very different forms of jjastrulation, 
and tracing them all to one original form 
1 regard all those that diverge from the 
primary palingcnetic gastrulation as 
secondary, modified, and cenogcnctic 
The more or less divergent form of 
gastrula that is produced mav be called a 
secondan, modified gastrula', or a me/a- 
gast^la The reader will find a scheme 
of these different kinds of segmentotion 
and gastrulation at the close of this 
chapter. 

By far the most important process that 
dctemiines the various cenogenelic forms 
of gastrulation is Ae ch.inge in the 

nutrition of the ov urn and the accumula- f«, »-Cai.. jla of Ae amphloxus. se 
tion in It of nutritive 3'elk Bv' this W^C (dia^ammatic median MctKml 

understand various chemical s'ubstances 
(chiefly granules of albumin and fat- • ' 

particles) which serve exclusively as 
reserve-matter or fiKxl for the embryo 



As the metazoic embiyo in 
stages of devclopmi 


but smaller, and in the former fewer 

5 earlier but latter, cells. The animal cells pro- 

ohtain Its food and so build up the frame, Ae internal, germinal layer. ~ 
the necessary m^erial has to be stored up AlAough this unequal segmenAtion of 
in the ovum. Hence we distinguish in the cyclostoma, ganoids, and amphibia 
Ae ova two chief elements— the active seems at first sight to differ from the 
formative yefk (protoplasm) and the original equal segmentation (for instance, 
passive food-yelk (deutoplasm, wrongly in the nionoxenia, Fig 29), they both 
spoken of as “the yelk’) In the little have this in common, that the cleavage 
palingenelic ova, the segmentation of process throughout affects the whole 
which we have already considered, the cell, hence Remak called it fofo; segmen- 
yelk-^nules are so small and so regularly tation, and Ae ova in question holuSlashc, 
distributed in the protoplasm of the ovum or “whole-cleaving.” It is otherwise 
that Ae even and repeated cleavage is with the second chief group of ova, which 
not_ affected by them. But in the great he distinguished from Aese as 
majority of Ae animal ova Ae food-yelk is or “partially-cleaving”: to this class 
more or less considerable, and is stored in belong the (amiliar large eggs of birds 
a certain part of the ovum, so that even and reptiles, and of most fishes. Tfie 
tn the unfertilised ovum Ae “granary” inert mass of the passive food>yelk is so 
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large in these cases that the protoplasmic 
contractions of the active yelk cannot 
effect any further cleavage. In conse- 
<}uence, there is only a partial segmenta- 
tion While the protoplasm in the animal 
section of the ovum continues briskly to 
divide, multiply ing the nuclei, the deuto- 
plasm in the vegetal section remains more 
or less undivided ; it is merely consumed 
as food by the forming cells. The larger 
the accumulation of food, the more 
restricted is the process of segmentation. 
It may, however, continue for some time 
(even after the gastrulation is more or less 
complete) in the sense that the vegetal 
cell-nuclei distributed in the deutoplasm 
slowly increase by cleavage ; as each of 
them IS surrounded by a small quantity 
of protoplasm, it may afterwards appro- 
priate a portion of the fotxl-yelk, and thus 
form a re.il “\clk-tell” ( merwyle ) 
When this vegetal cell-formation con- 
tinues for a long time, after the two 
primary germinal layers hav e been formed. 
It takes the name of the “ after-segmen- 
tation ” 

Tlie meroblastic ova are only found in 
the larger and more highly developed 
animals, and only in those whose embryo 
needs a longer time and richer nouris'h- 
ment within the ffetal membranes. 
According as the yelk-food accumulates 
at the centre or at the side of the ov um, 
we distinguish two groups of dividing 
ova, pcriblastic and discoblaslic. In the 
periblastic the food-yclk is in the centre, 
enclosed inside the ov um (hence they are 
also called " centrolecilhal ” ova); the 
formative yelk surrounds the food-yelk, 
and so sutlers itself a superficial cleavage. 
This is found among the articulates 
(crabs, spiders, insects, etc.). In the dis- 
coblastic ova the food-yelk gathers at 
one side, at the vegetal or lower pole of 
the vertical axis, while the nucleus of the 
ovum and the great bulk of the formative 
yelk he at the upper or animal pole (hence 
these ova are also called “ telolecithal ”). 
In these cases the cleavage of the ovum 
begins at the upper pole, and leads to 
the formation of a dorsal discoid embryo 
This is the case with all meroblastic 
vertebrates, most fishes, the reptiles and 
birds, and the oviparous mammals (the 
monotremes). 

The g^trulation of the discoblastic 
ova, w’hich chiefly concerns us, offers 
serious difficulties to microscopic investi- 
gation and philosophic consideration. 
These, however, have been mastered by 


the comparative embryological research 
which has Ijeen conducted by a number 
of distin^ished observers during the 
last few decades — especially the brothers 
Hertwig, RabI, Kupfler, Selenka, Ruckert, 
Goette, Rauber, etc. These thorough 
and careful studies, aided by the most 
perfect modem improvements in technical 
method (m tinting and dissection), have 
given a very welcome support to the 
views which I put forward in my work, 
0 » the Gashula and the Segmentation of 
the Antmal Ovum [not translated], in 
1875. As It IS very important to under- 
stand these views and their phylogenetic 
foundation clearly, not only as regards 
evolution in general, but particularly m 
connection with the genesis of m.in, I 
will give here a brief statement of them 
as far as they concern the vertebrate- 

1. All the vertebrates, mduding man, 
arc phylogenclically (or gcne^ilogically) 
related— th.it is, are members of one 
single natural stem. 

2. Consequently, the embryonic features 
in their 1nd1vidu.1l development must also 

' hav c a genetic connection 

3 As the gastrulation of the amphioxus 
shows the original palingenetic form in 
its simplest features, th.il of the other 
vertebrates must have been derived from 
it. 

4. The cenogenetic modifications of tlie 
latter are more appreciable the more food- 
yclk IS stored up m the ov um 

5 Although the in.iss of the food-yelk 
may be very large 111 the ov a ol the disco- 
blastic vertebrates, nevertheless 111 every 
case a bl.-istula is developcsl from the 
morula, as in the holoblastic ov.i 

6. Also, in every case, the gastrula 
developes from the blastula by curving or 
inv.tgination. 

7. The cavity which is produced in the 
fuctus by this curving is, in each case, the 
primitive gut (progaslcr), and its opening 
the primitive mouth (prostoma). 

8. The food-yelk, whether large or 
small, is always stored in llic ventral 
wall of the primitive gut ; the cells (called 
“merocytes ") which may be fonned in it 
subsequently (by “after-segmentation") 
also belong to the inner germinal layer, 
like the cells which immediately enclose 
the primitive gut-cavity'’. 

9. The primitive mouth, which at first 
lies below at the lower pole of the vertical 
axis, is forced, by the growtli of the 
yelk, backwards and then upvvards. 
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towards the dorsal side of the embryo ; 
the vertical axis of the primitive gut is 
tjius gradually converted into horizontal. 

10. The primitive mouth is closed 
sooner or later in all the vertebrates, and 
does not evolve into the permanent 
mouth-aperture ; it rather corresponds to 
the “ propenstoma,” or region of the 
anus. From this important point the 
formation of the middle germinal layer 
proceeds, between the two primary layers. 

The wide comparative studies of the 
scientists I have named have further 
shown that in the case of the discoblastic 
higher vertebrates (the three classes of 
amniotes) the primitise mouth of the 
embrjonic disc, which was long looked 
for m \ain, is found alw<i\s, .uid is 
nothing else th.in the f.imiliar’“primiti\c 
griK>\e ” Of this we shall see more as 
vie priHeed Meantime we re.itisc th.it 
g.istrul.ition ma} he reduced to one and 
the same process in all the vertebnUes 
Moreover, the various forms it takes in 
the invertebrates can always be rcxluced 
to one of the four tvpes of segmentation 
described .above. In rcl.ition to the dis- 
tinition between tot.il and p.irti,il seg- 
ment. ition, the grouping of the various 
forms is .is follow s — 



TTie lowest melazo.a we know — namclj , 
the lowerzoophjta (sponges, simple polyps, 
etc.)~rcmain throughout life .it a stage 
of development which differs little from 
the gastrula , their w’hole body consists 
of two lav ers of cells. This is a fact of 
extreme importance. We see that man, 
and also other vertebrates, pass quickly 
through a stage of dcv'clopment in which 
they consist of two l.-i>crs, just as these 
low er zoophv t.a do throughout life. If we 
applj our lilogenctlc l.iwto the matter, 
wo at once reach this important con- 
clusion : “ Man and all the other animals 
which pass tlirough the two-layer stage, 


or gastrula-form, in the course of their 
embryonic development, must descend 
from a primitive simple stem-form, the 
whole body of which consisted throughout 
life (as is the case with the lower zoophyta 
to-day) merely of two cell-strata or ger- 
minal layers ” We will call this primitive 
stem-form, with which we shall deal more 
fully later on, the j^astraa — that is to say, 
“ pnmitive-gut animal.” 

According to this gastrava-theory there 
was originally in all the multicellular 
animals one organ with the same structure 
and function. This was the primitive 
gut ; and the two primary germinal 
layers which form its wall must also be 
regarded as identical in all. This im- 
portant homology or identity of the 
primary germinal lay ers is proved, on the 
one hand, from the Uct that the gastrula 
w'.is originally formed in the same wav m 
all cases — n.imelj, by the curving of 'the 
blastula ; and, on the other hand, by the 
fact th.it m every' case the same funda- 
mental organs arise from the germinal 
layers The outer or animal lajcr, or 
ectoderm, always forms the chief organs 
of animal life— the skin, nervous system, 
sense-organs, etc , the inner or vegetal 
layer, or entoderm, gives rise to the chief 
organs of vegetative life— the organs of 
nourishment, digestion, blood-formation, 

In the lower zoophyta, whose body 
remains at the two-lay er stage through- 
out life, the gastraiads, the simplest 
sponges ( Olynthus ), and poly ps ( Hydra J, 
these two groups of functions, animal and 
veget.itive, are strictly divided between 
the two simple primary layers Through- 
out life the outer or animal l.ayer acts 
simply as a covering for the body, and 
accomplishes its movement and sensation. 
The inner or vegetative layer of cells acts 
throughout life as a gut-lining, or nutn- 
tiv'e layer of cntcnc cells, and often also 
yields the reproductive cells 

The best known of these “ gastrseads,” 
or “gastrula-Hke animals, ”is the common 
fresh-water l»ly pf Hydra ). Tills simplest 
of all the cnidana,has, it is true, a crown 
of tentacles round its mouth Also its 
outer germinal layer has certain special 
inodihcations But these are seconda^ 
additions, and the inner germinal layer is 
a simple stratum of cells. On the whole, 
the hydra has preserved to our day by 
heredity the simple structure of our primi- 
tive ancestor, the gaytraa (cf. Chapter 
XIX.). 
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In all other animals, particularly the 
vertebrates, the gastrula is merely a brief 
transitional stage. Here the two-layw 
stage of the embivonic development is 
quickly succeeded by a three^larar, 
then four-layer, stage. With 


appearance of the four superimposed 
germinal layers we reach a^n a firm 
and steady standing-ground, from which 
we ma^ follow the further, and much 
more difficult and complicated, course of 
embryonic development. 


SUMMARY OF THE CHIEF DIFFERENCES IN THE OVUM- 
SEGMENT.ATION AND G.ASTRUL.ATION OF .\NIMALS. 

The animal ttenu are indicated b) the letten a-g a Zoophjla i Annelida c MoHuaca. 
1 / Echinoderma. eArticulata. /Tunicata. f Vcrtihrata. 


n. Unequal 
SepnenUUon. 
Amphiblaatic oia. 


Pl^ 



in. Dlscdd 
Segmentation. 
DmcoblaatK; o\a. 


r Ccphalopodii or cuttlc.<uh. 

g Primitive 6ihci 
reptile*, birda, m 


Gastrula with 
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The remarkable processes of gastruiation, 
ovum-segmentation, and formation of 
germinal la^^crs present a most con- 
spicuous variety. There is to-day onl^ 
the lowest of the vertebrates, the amphi- 
o.^us, that exhibits the original form of 
those processes, or the palingenetic gastru- 
iation which we have considered in the 
preceding chapter, and which culminates ■ 
in the formation of the archigastrula I 
38) In all other extant vertebrates 
these fundamental processes have been 
more or less modified by adaptation to 
the conditions of embryonic development 
(especially by changes in the food-yelk) , 
they exhibit various cenogenetic tjpes 
of the formation of germinal layers I 
However, the different classes vary con- 
•idcrably from each other. In order to 
^rasp the unity that underlies the mani- 
' ‘ e phenomena and 

,essary 
the unity of the 
“ phylogenct.. 
unity,” which I developed in my General 
Morphology in i866, is now generally 
- j .. , in^partUI zoologists agree 

to-day that all the vertebrates, froi 

and the fishes to the ape and 

in, desce ' ■■ . , 

“the primitive \ertebrate." Hence the 
embryonic processes, by which each 
individual vertebrate is developed, must 
also be capable of being reduced to one 
common type of embryonic development ; 
and this primitive type is most certainly 
exhibited to-day by the amphioxus. 

It must, therefore, be our next task to 
make a comparative study of the various 
forms of vertebrate gastruiation, and 
trace them backwards to that of the 
lancelet. Broadly speaking, they fall first 
into two groups : the older cyclostoma, 
the earliest fishes, most of the amphibia. 


hlasitc ova — that is to say, ova with total, 
unequal segmentation ; while the younger 
cyclostoma, most of the fishes, the cepha- 
lopods, reptiles, birds, and monotremes, 
have meroblasttc ova, or ova with partial 
discoid segmentation. A closer study of 
them shows, however, that these two 
groups do not present a natural unity, 
and that the historical relations between 
Iheir several divisions are veiy compli- 
cated In order to understand them 
properly, we must first consider the 
various modifications of gastruiation in 
these classes. We may l»gin with that 
of the amphibia 

The most suitable and most available 
objects of study in this class are the eggs 
of our indigenous amphibia, the tailless 
frogs and toads, and the tailed salamander. 
In spring they are to be found in cluster 
in every pond, and careful examination of 

4i :.u _ I — .4 ihowa*- 

mal features of the » „ 

In order to understand the whole 
process rightly and follow the formatio 
of the germinal layers and the gastru’' 
jf the frog and salamander must 
be carefully harden^ ; then the thinnest 
possible scions must be made of the 
hardened ova with the microtome, and 
the tinted sections must be very closely 
compared under a powerful microscope. 

The ova of the frog or toad are globul^ 
in shape, about the twelfth of an inch_ in 
diameter, and are clustered in jelly-like 
masses, which are lumped together in the 
case of the frog, but form long strings in 
the case of the toad. When we examine 
the opaque, ^ey, brown, or blackish ova 
closely, we find that the upper half is 
darker than the lower. The middle of 
the upper half is in many species black, 
while the middle of the lower half is white.* 
In this way we get a definite axis of the 
ovum with two poles. To give a clear 


and the viviparous mammals, have holo- 

> Cf Balfbur'i Manual of Comparative Embryology, voL u.; Theodore Hoixaa’i The Devehpment ^ fho 
Froge Egg, 

e The colouniw of the ogge oF the amphibia ii 

at the animal pole of the ovum. In comer * 

the vevetal oeBi of the entoderm. We find th 
the entoderm ee” ' • 


a in earned by the accumulation of daric<olourina matter 
) of thia, the animal cella of the ectoderm are darker than 
eree of thia m the caae of moat animale, the protoplaam of 
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idea of the segmentation of this ovum, it in this position throughout the course of 
is best to compare it with a globe, on the the segmentation, and its cells multiply 
surface of which are marked the various ' much more bnskly. Hence the cells of 
parallels of longitude and latitude. The the lower hemisphere are found to be 
superficial dividing lines between the i larger and less numerous. The cleavage 
different cells, which come from the of the stem-cell (Fig A) begins with 
repeated segmentation of the ovum, look ' the formation of a complete furrow, which 
like deep furrows on the surface, and ■ starts from the north pole and reaches to 
hence the whole process has been given \ the south fB). An hour later a second 
the name of furcation. In reality, however, i furrow arises in the same way, and this 
this “ furcation,** which was formerly cuts the first at a right angle (Fig. 40 C). 
regarded as a very mysterious process, is The ovum is thus divided into four equal 



nothing but the familiar, repeated cell- 
segmentation. Hence also the segmenta- 
tion-cells which result from it are real 
cells. 

The unequal segmentation which we 
observe in the ovum of the amphibia has 
the special feature of beginning at the 
upper and darker pole (the north pole of 
the terrestrial globe in our illu.stration), 
and slowly advancing towards the lower 
and brighter pole (the south pole). Also 
the upper and darker hemisphere remains 


parts. Each of these four ‘ ‘ segmental 
cells” has an upper and darker anc 
lower, brighter half. A few hours la 
a third furrow appears, vertically to 
first two (Fig. 40 D). The globular ge 
now consists of eight cells, four sina 
ones above (northern) and four larj,.- 
ones below (southern^. Next, each of the 
four upper — s divides ‘ " *- ' " 

by a cleavage beginning fro 
pole, so that we now have eight above 
and four below (Fig. 40 E). Later, the 



THE GASTRULATION OF THE VERTEBRATE 


73 


four new longitudinal divisions extend 
gradually to the lower cells, and the 
number rises from twelve to sixteen ( F). 
Then a second circular furrow appears, 
parallel to the first, and nearer to the 
north pole, so that we may compare it to 
the north polar circle. In this way we 
get twenty-four segmentation-cells — six- 
teen upper, smaller, and darker ones, and 
eight smaller and brighter ones below 


in succession forty, forty-eight, fifty-six, 
and at last sixty-four cells (I, K). In 
the meantime, the two hemispheres 
differ more and more from each other. 
Whereas the sluggish lower hemisphere 
long remains at thirty-two cells, the lively 
northern hemisphere briskly sub-divides 
twice, producing first sixty-four and then 
128 cells (L, M). Thus we reach a 
stage in which we count on the surface 




(G^. Soon, however, the latter also sub- 
divide into sixteen, a third or “ meridian 
of latitude” appe.anng, this time in the 
southern hemisphere : this makes thirtj- 
two cells altogether ( II J. Then eight 
new longitudinal lines are formed at the 
north pole, and these proceed to divide, 
first the darker cells above and afterwards 
the lighter southern cells, and finally 
reach the south pole. In this way we 


of the ovum 128 small cells in the upper 
half and thirty-two hu-ge ones in the 
lower half, or 160 altogether. The dis- 
similarity of the two halves increases : 
wnile the northern breaks up into a great 
number of small cells, the southern con- 
sists of a much smaller number of larger 
ceils. Finally, the dark cells of the upper 
half grow almost over the surface 01 the 
oviun, lea\ ing only a small circular spot 



THE GASTRULATION OF THE VERTEBRATE 


at the south pole, where the larg^ £ 

. cells of the lower half are visible. 
This white region at the south pole corre- 
sponds, as we shall see afterwards, to the 
primitive mouth of the gastrula. The 



I. 4S.— Blastula of the water-salamander 


s of the inner and larger and 

clearer cells (including the white polar 
region) belongs to the entoderm 
layer. Tlie outer env elope of dark smaller 
cells forms the ectoderm or skin-layer. 

In the meantime, a lar^e cavity, full of 
fluid, has been formed within the globular 
body — the se^entation-cavity or einbi^- 
onic cavity (blastoctel, Figs. 41-44 FJ. 
It extends considerably as the cleavage 
proceeds, and afterwards assumes an 
almost semi-circular form (Fig. 41 F). 
The fn^-embryo now represents a modi- 
fied embiTonic vesicle or blastula, with 
hollow animal half and solid vegetal half. 

Now a second, narrower but longer, 
cavity arises by a process of folding at 
the lower pole, and by the falling away 
from each other of the white entoderm- 
cells (Figs. 4i-i(4 iV). This is the 
primitive gut-cavity or the gastric cavity 
of the gastrula, progaster or archen- 
teron. It was first ot^rved in the ovum 
of the amphibia by Rusconi, and so called 
the Rusconian cavity. The reason of its 
peculiar narrowness here is that it is, for 
the most part, full of yelk-cells of the 
entoderm. Tlicse also stop up the whole 

of the wide opening of the pni — 

and form wnat is known as the '* yelk- 
stopper,” which is seen freely at the white 
round spot at the south pole f /V. Around 
it the ectoderm is much thicker, and forms 
the border of the primitive mouth, the 


most Important part of the embryo 
(Fig. 44 «, K). Soon the primitive gut* 
cavity stretches further and further at the 
expense of the segmentation-cavity ( Fj, 
until at Inst the latter disappears alto- 
gether. The two cavities are only sepa- 
rated by a thin partition (Fig. ^3 s). With 
the formation of the primitive gut our 
frog-embryo has reached the gastrula 
stage, though it is clear that this cenoge- 
netic amphibian gastrula is very diflerent 
from the real palmgenetic gastrula we 
;..ive considered (Figs. 30-36) 

In the growth of this hooded gastrula 
vv ^ cannot sharply mark off the various 
stiges which we distinguish successively 
in thebell-gastrula as morulaand gastrula. 

' Nevertheless, it is not difficult to reduce 
\ ihe whole ccnogenelic or disturbed devel- 
\ opment of this amphigastrula to the true 
palmgenetic formation of the archigas- 
trula of the amphioxus. 

This reduction becomes easier if, after 
considering the gastrul.ation of the tailless 
amphibia (frogs and toads), we glance for 
a moment .it that of the tailed amphibia, 
the salamanders. In some of the latter, 
that have only recently been carefully 
ludied, and that arc phylogenctically 
Ider, the process is much simpler and 
le.irer than is the case with the former 
and longer known. Our common w atet 
salamander ( Trtion tacmatus ^ is a parti 
cularl} good subject for observ’ation. It 
nutritive yelk is much smaller and it 
formative yelk less obscured with blacl 
pigment-cells than in the case of the frog ; 
and its gastrulatlon lias better retain^ 
the original palmgenetic character. It 
was first described by Scott and Osborn 
(1879), and Oscar Heriwig especially made 



-10 46.— Embryonic vesicle of triton (Uathtla), 
ter view, with the fransverw fold of the pnmiUve 
■utb ( uj, (From Hertwtg ) 


, __ „ _ _ irertebra'te 

relopment. Its globular blastula (Fig. 
s of loosely-aggregated, yeucp 
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filled entodermic cells or yelk-cells (ds) 
ia the lower vegetal half ; the upper, 
animal half encloses the hemtsnherical 
segmentation-cavity (fh), the curved 
roof of which is formed of two or three 



h,i\e the border /one (rs) The folding 
which leads to the formation of the 
gastrul.i takes pl.ice at a spot in this 
border zone, the pnmitise mouth (Fig. 
46 «) 

Unequal segmentation takes place in 
some of the csclostoma and in the oldest 
fishes ill just the s.ame way as in most of 
the amphibia Among the c}clostoma 
(" round-mouthed ”) the f.uniliar lamprej s 


half-way between the arrania (I 


were formerly asstici.ited, and I 
them a spot lal cl.iss of vertebr.i 
ovum-segmentation in our common river- 
lamprey ( I'cfromysoH Jluviahlts) was 
described by Max Schultzc in 1856, and 
afterw.irds by Scott (1882) and Goette 
(1890). 

Unc*^ual total segmentation follows the 
same lines in the oldest fishes, the selachii 
and ganoids, which lu'c directly desc 
from tlie cyclostoma. The primitive fishe- 

( Selachtt J, whic!, egan! , 

ancestral group of the true fishes. 


I generally considered, until a short time 
ago, to be discoblastic. It was not until 
! the beginning of the twentieth centuiy 
1 that Ba.shford Dean made the important 
1 discovery in Japan that one of the oldest 
living fishes of the shark type ( Cesfracton 
japontcus J has the same total unequal 
segmentation as the amphiblastic plated 
fishes (ganouies)^ This is particularly 
interesting in connection with our subject, 
because the few remaining survivors of 
this division, which was so numerous in 
paleozoic times, exhibit three different 
types of gastrulation. The oldest and 
most conservative forms of the modem 
ganoids are the scaley sturgeons ( Stu- 
nones), plated fishes of great evolu- 
tionary importance, the eggs of which are 
eaten as caviare ; their cleavage is not 
essentially different from that of the 
lampreys and the amphibia. On the other 
hand, the most modern of the plated 
fishes, the beautifully scaled bony pike of 
the North American risers (Lepulosteus), 
approaches the osseous fishes, and is dis- 
coblastic like them. A third genus 
(. 1 mta j is midway between the sturgeons 
and the latter. 

The group of the lung-fishes ( Difmeusta 
or Difinoi ) is closely connected with the 
older ganoids. In rwpcct of their whole 



. - 48.-Sasittal section of the gastrula of 
^e watOP-St^manderr Tnlon). (Knwn Hrrtmifr ) 


organisation thej are midway between 
the gill-breathing fishes and 'the lung- 
bro.ithing amphibia , they share with the 
former the sh.ipc of the body and hmtxj 
■ 'ith the latter tlie form of the heart 

< Baahford Dean, HoloUa^ic Cltavagt iH the of 
_ Shmrh, CeetracioHjafoMtcue Sfacleay AnnUmonn 
aoelqgtcuejafomeiaet, voL iv„ Toki- 
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and lungs. Of the older dipnoi ( Paladip- 
neusta) we have now only one specimen, 
the renuu-kable Cemtodus of East Aus- 
tralia; its amphiblastic gastrulation has 
been recently explained W Richard Semon 
(cf. Chapter XXL). Tnat of the two; 



and batrachia, belong to the old, conser- 
vative groups of our stem. Their unequal 
ovum-segmentation and gastrulation have 
many peculiarities in detail, but can 
always be reduced with comparative ease 
to the original cleavage and gastrulation 
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ov\im divides into a large number of cells 
by repeated cleava«. All such ova have 
been called, after Remak, “ whole-cleav- 
ing” (kolohlasta), because their dimsion 
into cells is complete or total. 

In a g^t many other classes of 
animals this is not the case, as we find 
(in the vertebrate stem) among the birds, 
reptiles, and most of the fishes ; among 
the insects and most of the spiders and 


of the ovum; this alone divides in seg- 
mentation, and produces the numerous 
cells which make up the embryo. On the 
other hand, the nutritive yelk is merely a 
passive part of the contents of the ovum, 
a subonlinate element which contains 
nutritive material (albumin, fat, etc.), and 
so represents in a sense the provision- 
store of the developing embryo. The 
latter takes a quantity of food out of this 




crabs (of the articulates) ; and the cepha- 
loj^s (of the molluscs). In all these 
animals the mature ovum, and the stem- 
cell that arises from it in fertilisation, 
consist of two different and separate parts, 
which wo have called formative yelU and 
nutritive yelk. The formative yelk alone 
consists of living protoplasm, and is the 
active, evolutionary, and nucleated part 


store, and finally consumes it all. Hence 
the nutritive }elk is of great indirect 
importance in embryonic development, 
though it has no direct share in it. It 
inther does not divide at all, or only later 
on, and does not generally consist of cells. 
It is sometimes larg^ and sometimes 
small, but generally many times larger 
than the formative yelk ; and hence :c is 
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that it was formerly thought the more 
important of the two. As the respective 
significance of these two parts of the ovum 
is often wrongly described, it must be 

econdai 

mal appendage All o%-a that ha\e 
independent nutritive j-elk are called, 

hloita ). Their segmentati 
plete or partial. 

There are many diflicultii 
of understanding' this parti 


he nucleus (k), this is the formative 
'elk of the stem-cell, or the germinal disk 
" ' all fat-globule and the 


elk not dividing at all i 
'"■ „ ' -shaped 

formative yelk (b) proceeds quite inde- 


ning these difficulties, and reducing like a vvatch-gl.Lss, with thick border* 


■enogenetic form of gas 
the original palmgenetic type. 



Fig. —Ovum of a deep-sea bony flsh. h t>ro- 
topluni nf the iiti.iii.*.xll. k nuclcu.i of luunc d ckar 
Kkibulc of albumin the nutritive jclk./fat^lubulc ot 


comparatively' easy in the small mcro- 


the upper and 1 
of the nutritive yelk like the 

ind the border, 


tion, or a kind of turning-up of the edge 
of the blastoderm. In this process the 
segmcntation-ca\ ity disappears. 

The space undc’nicath the entoderm 
corresponds to the primitive gul-cavity, 
and is filled vv ilh the decreasing food-yelk 
( n ). Thus the formation of the g.astrula 
of our fish IS complete In contrast to 
the two chief forms of gastrul.a we con- 
sidered previously, we give the name of 
discoid gastrul.i '{ifisroqws/rn/a, Tig 54) 
to this third prmcip,il type 

Very similar to the discoid gastrulntion 
of the bony fishes is th.U of the hags or 
myxinoid.i, the rem.irk.ible cyilostomcs 
th.it live p.ir.isitic.illy in the body-c.ivity 
of fishes, and .are distinguished by sever.d 
not.ible peculiarities from their ne.irest 


found them joinc'd together in lumps of develop like those of the amphibi.i, the 
jeliv, floatmg on the surface of the sea, cucumber-shaped ov.i of the h.ag are 
and, as the little ovula were completely .ib«vut an inch long, .ind form .1 discoid 


embrane f avolemma, Fig. 52 v chief for 

find a large, quite clear, and transp.irent sidered are determined by the large food- 
f'lobulc of albumin (d). At both poles of 1 yelk. This t.ikcs no direct p.art in the 

, . „ \ ity of the 

. le (which is turned dow _ _ „ , . _ 1 protruding at the 

floating ovum) there is a bi-con vex lens opening. If we imagine the original bell- 
composed of protoplasm, and this encloses I gastru&(Figs. 30-3^ trying to swallow a 
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ball of food which is much bigger than 
itself, it would spread out round it in 
discoid shape in the attempt, just as we 
find to be the case here (Fig. 54). Hence 
we may derive the discoid gastrula from 
the original bcll-gastrula, through the 
interm^iate stage of the hooded gastrula. 
It has arisen through the accumulation 
of a store of food-stuff at the vegetal pole, a 
“nutritive yelk” being thus formed in con- 
trast to the “ formative yelk ” Neverthe- 
less, the gastrula is formed here, as in the 
previous cases, by the folding or invagina- 
tion of the blastula We can, therefore, 
reduce this cenogenetic form of the discoid 
segmentation to the pahngcnetic form of 
the primitive cleavage 
This reduction is tolerably easy and 
confident in the case of the small ovum of 1 
our deep-sea bony fish, but it becomes ' 


cmbiyonic development and consumed by 
the embiyo. The latter developes solely 
from the living formative yelk of the stem- 
cell. This is equally true of the ova of 
our small bony fishes and of the colossal 
ova of the primitive fishes, reptiles, and 
birds. 

The gastrulation of the primitive fishes 
or selachii (sharks and rays) has been 
carefully studied of late years by Ruckert, 
Kabl, and H E. Ziegler in particular, 
and is very important in the sense that 
this group IS the oldest among living 
fishes, and their gastrulation can 
derived directly from that of the cyclo- 
stoma by the accumulation of a large 
uantity of food-yelk The oldest sharks 
Cestracton ) still have the unequal seg- 
i mentation inherited from the cj'clostoma 
' But while in this case, as in the case of 
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difficult and uncertain in the case of the 
large ova that wo find in the majoritv of 
the other fishes and in all the reptiles and 
birds In these cases the food-velk is, in 
the first place, coinp.irativel\ colossal, the 
formative jelk being tilinost invisible 
beside it ; and, in the seiond place, the 
food-velk contains a quantit} of diflerent 
elements, which are known as " jclk- 
granulcs, v elk-globules, j elk-plates, j elk- 
flakes, }efk-vcsiclcs,” and so on Fre- 
quentl) these definite elements in the jelk 
have been described as real cells, and it 
has been wrongly st.ited that a portion of 
the embrvonic Ixvdy is built up from these 
cells. This is by no means tne case. In 
everj’ case, how’ev cr lar^e it is— and even 
when cell-nuclei travel into it during the 
cleav^e of the border — the nutritive yelk 
remains a dead accumulation of food, 
which is taken into the gut during 


the amphibia, the small ovum completely 
divides into cells in segmentation, this is 
no longer so in the great majority of the 
selachii (or Llasmobranchti). In these 
the contractility of the active protoplasm 
no longer suffices to break up the huge 
mass of the passive deutoplasm com- 
plete!} into cells ; this is only jxissible in 
the upper or dors<il part, but not in the 
lower or ventral section. Hence we find 
in the primitive fishes a blastula w'ith 
a small eccentric segmentation - cavity 
(Fig. 55 J), the wall of which varies 
greatly in composition. The circular 
border of the germinal disk which 
connects the roof and floor of the seg- 
mentation-cavity corresponds to the 
border-zone at the equator of the 
amphibian ovum. In the middle of its 
hinder border we have the beginning of 
the invagination of the primitive gut 
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(Fig. 56 ud) I it extends gradually from 
this spot (which corresponds to the Rus- 
conian anus of the amphibia) forward 
and around, so that the primitive mouth 
becomes first crescent-shaped and then 



derm (eariier the aepnentatKMrcavity). 

circular, and, as it opens wider, surrounds 
the ball of the larger food-yelk. 
Essentially different from the wide- 


The bird’s egg is particularly important 
for our purpose, because most of the 
chief studies of the development of the 
vertebrates arc based on observations of 
I hen’s egg _ during 

obtain and study, and for this practical 
and obvious reason veiy rarely thoroughly 
investigated. But we can ^et hens’ eggs 
in any quantit}^ at any time, and, by 
means of artificial incubation, follow the 
development of the embryo step by step. 
The bird’s egg differs considerably from 
the tiny mammal ovum in size, a lar^e 
quantity of food-yelk accumulating within 
the original yelk or the protoplasm of the 
ovum. This is the yellow ball which we 
commonly call the >olk of the egg. 
In order to understand the bird’s egg 
aright — for it is very often ijuilc wronj'ly 

explained — w'e r* ■ ‘ ■“ •*- 

. ind follow it from the 
very beginning of its development in the 
bird’s ovary. We then see that the 
original ovum is a quite small, naked, 
and simple cell w'lth a nucleus, not 
differing in either size or shape from the 
original ovum of the mammals and other 
anii^ls (cf. Fig 13 As in the case 


selachii is the narrow-mouthed discoid 
(or ept^trula) of the s — ’ 

the reptiles, Urds, and moni , . 

between the two — as an intermediate 
stage — we have the amphtmsttula of the 
mphibia. The latter has developed from 
the amphigastrula of the ganoids and 
dipneusts, whereas the discoid amniote 
gastrula has been evolved from the 
amphibian g^trula by the addition of 
food-yelk. This change of gastrulation 
is still found in the remarkable ophidia 
( G^nophtona, Caenlia, or Pem- 
meUi serp«nt-like amphibia that 
live m moist soil in the tropics, 
and in many respects represent 
the transition from the gill- 
breathing amphibia to the lung- 
breathing reptiles. Their em- 
bryonic development has been ex- 
plained by the fine studies of the 
brothers Sarasin of Ichthyophts 
gluHnosa at Ceylon (1887), and 
those of August Brauer of the 


the original or primitive ovum ( prohnmm) 
— vered with a continuous la^er of 

follicle, from which the ovum afterwards 
issues. Immediately underneath it the 
structureless yelk-membrane is secreted 
r. - n the yelk. 

The small primitive ovum of the bird 
begins very early to take up into itself 
a quantity of food-stuff through the yelk- 
membrane, and work it up into the 
“yellow yelk.” In this way the ovum 



the difficult and obscure gastru- 
lation of the amniotes. 
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enters on its second stage (the metovum), 
which is many times larger than the first, 
but still only a single enlarged cell. 
Through the accumulation of the store of 
yellow yelk within the ball of protoplasm 
the nucleus it contains (the germinal 
vesicle) is forced to the surface of the 
ball. Here it is surrounded by a small 
quantity of protoplasm, and with this 
foi^ the lens-shaped formative yelk 
(Fig. ic b). This b seen on the yellow 
yelk-ball, at a certain pioint of the surface, 
as a small round white spot — the “ tread ” 
(ctcatncula ). From tWs point a thread- 
like column of white nutritive yelk (d), 
which contains no yellow velk-granules, 
and is softer than the yellow food-yelk, 
proceeds to the middle of the yellow yelk- 
ball, and forms there a small central 
globule of white yelk (Fig. 15 d). The 
whole of this white yelk is not sharply 
separated from the yellow yelk, which 


(I^g. n). First two equal segmentation- 
cells (AJ are formetf from the ovum. 
These divide into four fBJ, then into 
eight, sixteen fCJ, thirty-two, sixty-four, 
and so on. The cleavage of the cells is 
alwa}^ preceded by a division of their 
nuclei. The cleavage surfaces between 
the segmentation-cells appear at the free 
surface of the tread as clefts. The first 
two divisions are vertical to each other, 
in the form of a cross f BJ. Then there 
are two more divisions, which cut the 
former at an angle of forty-five degrees, 
llie tread, which thus becomes the 
germinal disk, now has the appearance 
of an eight-ray^ star. A circular cleavage 
next taking place round the middle, the 
eight triangular cells divide into sixteen, 
of which eight are in the middle and eight 
distributed around fC J. Afterwaids 
circular clefts and radial clefts, directed 
towards the centre, alternate more or less 



shows a slight trace of concentric layers 
in the hard-boiled egg (Fig 15 c). We 
also find m the hen’s egg, when we break 
the shell and take out the yelk, a round 
small white disk at its surface which 
corresponds to the tread. But this small 
white “germinal disk” is now further 
developed, and is really the gastrula of 
the chick. The body of the chick is 
formed from it alone. The whole white 
and yellow yelk-mass is without any 
significance for the formation of the 
embryo, it being merely used as food by 
the developing ^ick. Tlie clear, glarous 
mass of albumin that surrounds the 
yellow yelk of the bird’s egg, and also the 
hard chalky shell, are only formed within 
the oviduct round the impregnated ovum. 

When the fertilisation of the bird’s ovum 
has taken place within the mother’s bo^, 
we find in the lens-shaped stem-cell the 
progress of flat, discoid segmentation 


irrefjpilarly f D, E). In most of the 
amniotes the formation of concentric and 
radial clefts is irregular from the very 
first ; and so also in the hen’s egg. But 
the final outcome of the cleavage-process 
is once more the formation of a large 
number of small cells of a similar nature. 
As in the case of the fish-ovum, these 
segmentation-cells form a round, lens- 
shaped disk, which corresponds to the 
morula, and is embedded in a small 
depression of the white yelk. Between 
the lens-shaped disk of the morula-cells 
and the underlying white yelk a small 
cavity is now form^ by the accumulation 
of fluid, as in the fishes. Thus we get 
the peculiar and not easily recognisable 
blastula of the bird (Fm. ^8). The small 
segmentation-cavity (fk ) is very flat and 
much compressed. The upper or dorsal 
wall ( dw ) is formed of a single layer of 
clear, distinctly separated cells ; this 


82 


THE GASTRULATION OF THE VERTEBRATE 


corresponds to the upper or animal hcmi- 
^here of the triton-blastula (Fir. 45). 
The lower or \entral wall of the flat 
dividing space ( va>) is made up of lai^r 
and darker segmentation-cells ; it corre- 
sponds to the lower or vegetal hemisphere 
of the blastula of the water-salamander 
(Fig^. 45 ds). The nuclei of the yelk-cells, 
which are in this case especially numerous 
at the edge of the lens-shap^ blastula, 
travel into the n^hite 3’elk, increase by 
cleavage, and contribute even to the 
further growth of the germinal disk by 
furnishing it with food-stuff 
The invagination or the folding inwards 
of the bird-blastula takes place in this 


which was described for a long time as 
the “ primitive groove.” If we make a 
vertic^ section through this part, we see 
that a flat and broad cleft stretches under 
the germinal disk forwards from the primi- 
tive mouth ; this IS the primitive gut (Fig. 
fnoud). Itsroof or dorsal wall is formed by 
the folded upper port of the blastula, and 
Its floor or ventral wall by the white yelk 
( vrd ), in which a number of yelk-niiclei 
(dk) are distributed. There is a brisk 
multiplication of these at the cd^ of the 
germinal disk, especially in the neighbour- 
hood of the sicklc-shap^ primitive mouth. 

We learn from sections through later 
stages of this discoid bird-gastrula that 
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case also at the hinder pole of the subse- I 
quent chief axis, in the middle of the hind 
border of the round germinal disk (Fig 
59 s). At this spot we have the most 
brisk cleavage of the cells , hence the cells 
are more numerous and smaller here than 
in the fore-half of tlie germinal disk. 
The border-swelling or thick edge of 
the disk is less clear but whiter behind, 
and IS more sharply separated from con- 
tiguous parts. In the middle of its hind 
border tnerc is a white, crcsccnt-shaped 
groove — Roller’s sicklo-gtoove (Fig 59 .r); 
a small projecting process in the centre 
of it is callM the sickle-knob This 

important cleft is the primitive mouth, 


the primitive gut-uivily, extending 
forward from the primitive mouth as a 
flat pouch, undei mines the whole region 
of the round flat lens-shaped blastula 
(Fig. 61 ud). At the same time, the 
segmcntation-cavity gradually disappears 
altogether, the folded inner germinal 
layer (tk) placing itself from underneath 
on the overlying outer germinal layer 
(ak). Tlie typical process of invagina- 
tion, though greatly disguised, can thus 
be clearly seen in this case, as Goette 
and Rauber, and more recently Duval 
(Fig. 61), liave shown. 

The older embryologists (Pander, Baer, 
Remak), and, in recent times especially, 
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that the discoid bird-gaslrula, like that of 
all other vertebrates, is form^ by folding 
(or invagination), and that this typic^ 
process is merely altered in a peculiar 
way and disguis^ by the immense accu- 
mulation of food-yelk and the flat spread- 
ing of tlie discoid blastula at one part of 


the folding-in of a hollow blastula, as has 
been shown by Remak and Rusconi of 
the discoid gastnila of the amphibia, 
their direct ancestors. The accurate and 
extremely careful observations of the 
authors I have mentioned (Goette,Rauber, 
and Duval) have decisively proved this 
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j for the reptiles by the fine 
studies of KupiTcr, Beneke, Wenkebach, 
and others. In the shield-shaped {ger- 
minal disk of the lizard (Fig'. 6a), the 
crocodile, the tortoise, and other reptiles, 
we find in the middle of the hind border 
(at the same spot as the sickle groove in 
the bird) a transverse furrow (v)% vihich 
leads into a flat, pouch-like, bund sac, 
the primitive gut. The fore (dorsal) and 
hind (ventral) lips of the transverse 
furrow correspond exactly to the lips of 
the primitive mouth (or sickle-groove) in 
the birds 

The gastrulation of the mammals must I 


I first advanced this fundamental prin- 
ciple in my essay On the GastruhUton oj 
Mammals (1877), and sought to show 
in this way that 1 assumed a gradual 
degeneration of the food-yelk and the 
5relk-sac on the way from the prorepliles 

The cenogcnetic 

process of adaptation,” I said, “ which 
has occasioned * >phy of the rudi- 
mentaiy yeiic-sac ot tne mammal, is per- 
fectly clear. It is due to the fact that the 
young of the mammal, whose ancestors 
were certainly oviparous, now remain a 
long time in the womb. As the great 
store of food-yelk, which the oviparous 
ancestors gave to the.egg, became super- 
fluous in their descendants 
owing to the long carrying in 
the womb, and the maternal 
blood in the w.ill of the uterus 
made itself the chief source 
of nourishment, the now use- 
less velk-sac was bound to 
atropfi) bj embryonic adapta- 

My opinion met with little 

vel'iementlj attacked by Kol- 
liker, Hensen, and His m par- 
ticular However, it has been 
gradually accepted, and has 
recently been firmly estab- 
lished by a l.irge number of 
excellent studies of mammal 
gastrulation, especially by 
Kd ward Van Beneden’s studies 
of the rabbit and bat, Selenka’s 
on the marsupials and rodents, 
Hcape’s and Lieberkuhn’s on 
the mole, KupfTerand Keibel’s 
on the rodents. Bonnet’s on 
the ruminants, etc From the 
general comparative point ot 
view, Carl RabI in his theory of 
be derived from this sprcial embryonic' the mesoderm, Oscar Hcrtwig in the latest 
development of the reptiles and birds, edition ofhisilfaffiMi/(i902), and Hubrecht 
This latest and most ^vanced class of in his Studies tn Mammalian Embryology 
the vertebrates has, as we shall see after- (1891), have supported the opinion, and 
wards, evolved at a comparatively recent | sought to derive the peculiarly modified 
date from an older group of reptiles , and | gastrulation of the mammal from that of 
all these amniotes must have come origi- j the reptile. 

nally from a common stem-form. Hence In the meantime (1884) the studies of 
the distinctive embryonic process of the Wilhelm Haacke and Caldwell provided 
mammal must have arisen by cenogenetic a proof of the long-suspected and 1 
modifications from the older ^ __ .f ’ iteresting fact, that the lowest mammals, 

gast >f the reptiles and birds the monotremes, lay eggs, like the bi^s 

Unti i admit this thesis we cannot and reptiles, and are not viviparous like 
iderstand the formation of the germinal the other mammals. Although the gas- 
layers in the mammal, and therefc ' trulation of the monotremes was not 
really known until studied by Richard 
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Semon in 1894, there juld be little 
doubt, in view of the great size of their 
food-yelk, that their ovum-segmentati 
was discoid, and led to the formation of 
a sickle-mouthcd discogastrula, as in the 



r directive b^y, c unnucleatod 
' albumirwnambni 

case of the reptiles and birds. Hence I 
had, in 1875 (in my essay on TAe Gaslrula 
and Ovum - segmentation of Antmals), 
counted the monotremes among the dis- 
coblastic vertebrates. ^ This hypothesis 

afterwards by the careful observatio'ns of 
Semon , ne gave in the second volume of 
his great work. Zoological Journeys tn 
Australia (1894), the first description and 
correct explanation of the discoid gastru- 
lation of the monotremes The fertilised 
ovaofthe two living monotremes ^ Echidna 
and Ornithothynchus ) a.K balls ot one-fifth 
of an inch in diameter, enclosed in a stiff 
shell ; but they grow considerably during 
development, so that when Imd the egg is 
three times as large. The structure of 
the plentiful yelk, and especially the rela- 
tion of the yellow and the white yelk, are 
just the same as in the reptiles and birds. 
As with these, partial cleavage takes 
place at a spot on the surface at which 
the small fonnative yelk and the nucleus 
it encloses are found. First is formed a 
lens-shaped circular germinal disk. This 
is made up of severid strata of cells, but 
it spreads over the yelk-ball, and thus 
becomes a one-layerM blastula. If we 
then imagine the yelk it contains to be 
dissolved and replaced by a clear liquid, 
we have the characteristic blastula of the 
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higher mammals. In these the gastrula- 
tion proceeds in two phases, as Semon 
rightly observes : firstly, formation of the 
entoderm by cleavage at the centre and 
further growth at the edge; secondly, 
invagination. In the monotremes more 
primitive conditions have been retained 
better than in the reptiles and birds. In 
the latter, before the commencement of 
the gastrula-folding, we have, at least at 
the periphery, a two-layer^ embryo 
forming from the cleav^e. But in the 
monotremes the formation of the ceno- 
genetic entoderm does not precede the 
invagination , hence in this case the con- 
struction of the germinal layers is less 
modified than in the other amniota 

The marsupials, a second sub-class, 
come next to the oviparous monotremes, 
the oldest of the mammals. But as in 
their case the food-yelk is already atro- 
phied, and the little ovum developes 
within tlie mother’s body, the partial 
cleavage has been reconverted into total. 
One section of the marsupials still show 
points of agreement with the monotremes, 
while another section of them, according 
to the splendid investigations of Selenka, 
form a connecting-link between these and 
'h^lacer.._;.. 

The fertilised ovum of t — ^ssum 
( Z)idle//>Ayr^divides, according to Elenka, 
®“5t into two, then four, then eight equal 

Is; hence the segmentation is at first 



1 or homogeneous. But in the 
se of the cleavage a laiger cell, 
distinguished by its less clear plasm and 
its containing more yelk-granules (the 
mother cell of the entoderm, Fig. 64 en), 
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separates from the others; the latter 
multiply more rapidly than the former. 
As, further, a quantity of fluid gathers in 
the morula, we get a round blastula, the 
wall of which is of varying thickness, like 
that of the amphioxus (Fig. 38 and 
the amphibia (Fig. 45). Ine upf^r or 
animal hemisphere is formed of a large ' 
number of small cells ; the loww or 
vegetal hemisphere of a small num*ier 
of large cells. One of the latter, dis in- | 
guished by its size (F' ' en\ lies at the ' 

vegetal pole of the I a-axis, at the | 
point where tf- — 'initive mouth after-' 
wards appiears is is the mother-cell 
of the entodei it now begins to 
multiply' by cleavage, and the daughter- 
cells (Fig. 05 0 spread out from this spot 


gastrula (Fig. 66) gradually changes into 
globular, a larger q^uantity of fluid 
accumulating m the vesicle. At the same 
time, the entoderm spreads further and 
further over the inner surface of the 
‘ctoderm (e). A globular 
formed, the wall of which 
of two thin simple strata of cells ; 
cells of the outer germinal layei 
rounder, and those of the inner layer 
flatter In the region of the primitive 
mouth (p) the cells are less flattened, 
and multiply briskly. From this point — 
from the hind (ventral) lip of the primitive 
mouth, which extends in a central cleft, 
the primitive groove — the construction of 
the mesoderm proceeds. 

Gastrulation is still more modified and 



over the inner surface of the blastula, 
though at first only over the vegetal 
hemisphere. The less clear entodermic 
cells (i) are distingui^ed at first by 
their rounder shape and darker nuclei 
from the higher, clearer, and longer 
entodermic cells (e); afterwards both are 
greatly flattened, the inner blastodermic 
cells more than the outer. 

The unnucle<itcd yelk-balls and curd 
(Fig. 65 d) that we find in the fluid of the 
blastula in these marsupials are very 
remarkable ; they are the relics of the 
atrophied food-yelk, which was developed 
in their ancestors, the monotremes, and 
in the reptiles. 

In the further course of the gastrula- 
tion of the opossum the oval sha^ of the 


curtailed cenogenetically in the placentals 
than in the m.arsupials It was first 
accurately known to us by the distin- 

g uished investigations of Kdward Van 
eneden in 1875, the first object of study 
being the ovum of the rabbit. But as 
man also belongs to this sub-class, and 
as his as yet unstudied gastrulation 
cannot be materially different from that 
of the other placentals, it merits the 
closest attention. We have, in the first 
place, the peculiar feature that the two 
first segmentation-cells that proceed from 
the cleavage of the fertilised ovum 
(Fig. 68) are of different sizes and natures ; 
the difference is sometimes greater, 
sometimes less (Fig. 69). One of these 
first daughter-cells of the ovum is a little 
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larger, clearer, and more transparent 
than the other. Further, the smaller 
cell takes a colour in carmine, osmium, 
etc., more strongly than the larger. By 
repeated cleavage of it a morula :r 
formed, and from this a blastula, which 
changes in a very characteristic wav into 
the greatly modified gastrula. When 
the number of the se^entation-cells in 

SIX (in the rabbit, about se\enty hours 
after impregnation) the foetus assumes a 
form ve^ like the archigastrula (Fig. 72). 
The spherical embryo consists of a central 
mass of thirty-two soft, round cells with 
dark nuclei, which are flattened into 
polygonal shape by mutual pressure, 
and colour dark-brown with osmic acid 
(Fig. 72 i). This dark central group of 
cells is surrounded by a lighter spherical 
membrane, consisting of sixty-four cube- 
shaped, small, and fine-grained cells 
which lie close together in a single 
stratum, and only colour slightly in 
osmic acid (Fig. 72 <■). The authors who 
regard this embryonic form as the 
primary gastrula of the placental conceive 
the outer layer as the ectoderm and the 
inner as the entoderm. The cntodcrmic 
membrane is only interrupted at one spot, 
one, two, or three of the ectodermic cells 
being loose there. These form the j elk- 
stopper, and fill up the mouth of the 
gastrula (a). The central primitive gut- 
ca\ity (d) IS full of entodermic cells. 
The uni-axial type of the mammal 
gastrula is accentuated in tiis way. 
However, opinions still differ considerably 
as to the real nature of this “ provisional 
gastrula ” of the placent.al and its relation 
to the blastula into w'hich it is converted 
As the gastrulation proceeds a large 
spherical blastula is formed from this 
p^uliar solid amphigastrula of the 
nlacental, as wc s<iw in the case of the 
marsupi.il. The accumul.ation of fluid in 
the solid gastrula (Fig 73 A) leads to the 
formation of an eccentric cavity, the 
group of the darker entodermic cells ('/tj'J 
remaining directly attached at one spot 
with the round envelopii^ stratum of the 
lighter ectodermic cells J. This spot 
corresponds to the original primitive 
mouth (prostoma or blastoporus). From 
this important spot the inner germinal 
layer spreads all round on the inner 
surface of the outer layer, the cell-stratum 
of which forms the wall of the hollow 
sphere ; the extension proceeds from the 
vegetal towards the animal pole. 


The cenogenetic gastrulation of the 
placental has' been greatly modified by 
secondary adaptatidn in the various 
groups of this most advanced and 
TOungest sub-class of the mammals. 
Thus, for instance, we find in many of 
the rodents (guinea-pigs, mice, etc.) 
apparently a temporary inversion of the 
two germinal layers. This is due to a 
r_i !•__ .f I 1 "asto^jemiic wall by what 
IS called the “girder,” a plug-shaped 
growth of Rauber’s “roof-layer.” It is 
a thin layer of flat epithelial cells, that is 
freed from the surface of the blastoderm 
in some of the rodents ; it has no more 
significance in connection with the general 
course of placental gastrulation than the 
conspicuous departu" foom 



globular shape m the blastula of some 
of the ungulates. In some pigs and 
ruminants it grows into a thread-like, 
long and thin tube. 

Thus the gastrulation of the plao 
■ • " ' • pf the 

amphioxus, the primitive form, is reduced 

to the original type, the ii ' — ‘‘ ~ 

nodified blastula. Its c 
3 that the folded part of the blastodei 
does not form a completely closed (only 
open at the primitive mouth) blind sac, as 
is usual ; but this blind sac has a wide 
opening at the ventral curve (opposite 
to the dorsal mouth) ; and through this 
opening the primitive gut communicates 
from the first with the embryonic cavity 
of the blastula. The folded crest-shaped 
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entoderm mws with a free circular 
border on me inner surface of the ento- 
derm toward* the vegetal pole ; when it 
has reached this, and the inner surface of 
the blastula is completely grown over, the 
primitive gut is closed. 'Hiis remarkable 


their ancestors (the reptiles), is atrophied. 
This proves the essential unity of gastru- 
lation in all the vertebrates, in spite of the 
striking diflerences in the various classes. 

In oi^er to complete our consideration 
of the important processes of segmenta^ 



direct transition of the primitive gut- tion and gastrulation, we will, in conclu- 
cavity into the segmentation-cavity is sion, cast a brief glance at the fourth 
explained simply by the assumption that chief type — superficial segmentation. In 
in most of the mammals the yelk-mass, the vertebrates this form is not found at 
which is still possessed by the oldest all. But it plays the chief i»rt_ in me 
forms of the clasi (the monotremes) and large stem of the articulates— the insects, 
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spiders, mjTiapods, and crabs. The dis- 
tinctive form of gastrula that comei 
of it is the “vesiciflar gastrula” (Pen 
gastrula). 

In the ova which undergo this super- 
ficial cleavage the formative yelk is 
sharply divid^ from the nutritive )relk, 
as in the preceding cases of the ova of 
birds, reptiles, fishes, etc.; the formative 
yelk alone undergoes cleavage. But 
while in the ova with discoid gastrulation 
the formative yelk is not in the centre, 
but at one pole of the uni-axial ovum, and 
the food-yelk gathered at the other pole, 
in the ova with superficial cleavage we 
find the formative jelk spread over the 
whole surface of the ovum , it encloses 
spliencally the food-yelk, which is accu- 
mulated in the middle of the ova. ‘ ‘ * 
segmentation onlj affects the fori 
nut the latter, it is bound to be 
ore of 

jched by it. As a 
rule, it proceeds in regular geometrical 
progression. In the end the i^holc of the 
formative yelk divides into a number of 
small and homogeneous cells, which lie 
clo.se together in a single stratum on the 
entire surface of the o\um, and form a 
superficial hlastoderm. Tins blastoderm 
is a simple, completely closed vesicle, the 
internal cavity of which is entirely full 
of food-yelk. This real blastula only 
differs from that of the primitive ova in 
its chemical composition In the latter 
the content is w ater or a w-atcry jeliv , in 

Iv 

Ik 

gc 

begins, there is no diffci ict 


We must count it an important advance 
hat we are thus in a position to reduce 
' — .mbryonic phenomena in 
the different epoups of amm::!; t; 
four pnncipaJ forms of segmentation 
and gastrulation. Of these four forms 
we must regard one only as the original 
palingenetic, and the other three as 
cenogenetic and derivative. The un- 
equal, the* discoid, and the superficial 
segmentation have all clearly arisen by 
I secondary adaptation from the primaiy 
segmentation , and the chief cause of their 
development has been the gradual forma- 
I tion of the food-yelk, and the increasing 
antithesis between animal and v^etal 
halves of the ovum, or between ectoderm 
(skin-layer) and entoderm (gut-layer). 



Pkc 7m.— Gastrula of the plaoental mammal 
(ciMIfastrula from the rabbit), lon^tuduial section 
throuifb the axis, r ectodermic cells (stzty-four, lighter 
and smaller). % entodermic cells (Uurt\'-t¥ro, darker and 
larger), d central entodermic cdl, filling the primitive 
gut-cavit> . p peripheral entodermic cell, stopping up the 
^lening of the pnmiU\e mouth (yelk-«topper m the 


between the morula la. 

The two stages rather „ 

When the blastula is fully formed, W' 

„ j the importan 

folding or invagination that determines 
gastrulation. space between the 

skin-layer and the gut-layer (the re- 
mainder of the segmentation -cavity) 
remains full of food - yelk, which is 
gradually used up. This is the only 
material difference between our vesicular 
gastrula (pens^tiula) and the original 
form of the befl-gastrula ( archtgastrula ). 
Clearly the one has been developed from 
the other in the course of time, owing to 
the accumulation of food-yelk in the centre 
of the ovum.* 


I The numbers of careful studies of 
nimal gastrulation that have been made 
decades have completely 
1 established the ' ' ' . inded, 

.h I first advanced in the years 
1872-76. For a time they were greatly 
disputed by many embiyologists. Some 
said that the original embryonic form of 
the metazoa was not the gastrula, but the 
“ pianula ’’ — a double-walled vesicle with 
closed cavityand witliout mouth-aperture ; 
the latter was supposed to pierce through 
gradually. It was afterwards shown that 
this pianula (found in several sponges, etc.) 
was a later evolution from the gastrula. 


* On the reductioa of all fo 



' of ceDa, B duuiginf; into the cinbryc 


Fig. 7J.— Oastrubt of the rahUt. A an nolid, spherical cluster 
vesicle, V primitive mouth, r> crtcnlcrm, hy entoderm. 


variations from the original invagination 
of the biastula. The same ma}^ be said 
of what is called "immigration,” in which 
certain cells or groups of cells are detached 
from the simple layer of the blastoderm, 
and tra% el into the interior of the biastula ' 


is a careful and discriminative distinction 
between palingenetic (hereditary) and 
cenc^cnetic (adaptive) processes If this 
IS pruperl} attended to, we And evidence 
everywhere of the biogcnetic law. 


Chapter X. 


THE CCELOM THEORY 


The two “ primary germinal layers” various products of this middle layer aftcr- 
which the gastraia theoiy has shown to . wards constitute the great built of the 
be the Arst foundation in the construction animal frame, while the originalentoderm, 
of the body are found in this simplest form i or internal germinal layer, is restricted to 
throughout life only in animals of the ' the clothing of the alimentary canal and 
lowest grade— in the gastraeads, olynthus [ its glandular appendages ; and, on the 
(the stem-form of the sponges), hydra, other hand, the ectoderm, or external 
mple animals. In all germinal layer, furnishes the outer cloth- 

the other animals new stratf — '“f ^f the body, the skin and i 

formed subsequently between these two syster 

primary body-layers, and these are gene- ' le large groups of the lower 
rally comprehended under the title of the such as the sponges, mrals, and 

middle layer, or fnetoderm. As a rule, the is, the middle germinal layer 
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ns a single connected mass, and 
of the body is developed from it ; 
these have been called the three-layered 
metazoa, in oppositic * layered 

animals described. Like the tw ' ^ 
animals, they have no body-cavity — 
that is to say, no cavi^ distinct from the 
alimentary system. On the other hand, 
Is have this real bodv- 
nty ( calonta ), and so are called ccefo- 
’ " ' 5 we can distinguish 

mmol layers, which 
develop from the two primary layers. 
To the s.ime class belong all true ver- j 
maha (excepting the plalixles), and also ' 

been evolved from them — molluscs, 
echincxierms, .irticulates, tunicates, and 
vertebr.iles. 



The Ixxlj-c.uit} (nvhtma) is therefore . 
a new acquisition of the animal bod}, 
much younger than the alimentary system, 
and ot great import.'ince. I first pointed 
out this fundamental signific.incc of the 
tcclom in my Monof'raph on ttw Sponf^cs 
(1872), in the section which draws a dis- 
tinction between the Ixxly-cav ity and the 
gut-ca\ity, and which follows immediately 
on the germ-lay er theory and the .incestnil 
tree of the aniimil kingdom (the first sketch 
of the gastraea theory). Up to that time 
these two principal ca\ ities of the an1m.1I 
body had been confused, or very' imper- 
fectly distinguished ; chiefly because 
Leuckarl, the founder of the coclenterata 
group (1848), h.as attributed a body-cavity, 
but not a gut-cavity, to these low'est 
metazoa. In reality , the truth is just the 
otlwr way about. 


multicellular .mal- 
body, is the oldest and most important 
org<in of all the metazoa, and, ti^ether 
with the priinitive mouth, is formal in 

gut , it is only at a much later stage that 
the body-cavity, which is entirely wanting 
in the cucicntcrata, is developed 11 
of the metazoa between \ 
the body wall. The two cavities are 
entirely different in content and purport. 
The alimentary cavity ( enteron) serves 
the purpose of digestion , it contains 
water and food taken from without, as 
well as the pulp (chymus) formed from 

, the Ixxly-c.ivity, quite distinct from the 
gut <ind closed e-xternally', h.is nothing to 
‘ do with digestion ; it encloses the gut 



Itself and its glandular appendages, .and 
also contains the se.xual products and a 
certain amount of bloixl or lymph, a fluid 
th.it IS transuded through the ventral 
W.1II. 

As soon as the body-cavity appears, the 
v'entral w.ill is found to be scp<irated from 
the enclosing body -wall, but the two 
continue to be directly' connected at 
various jioints. We can also then alw'ays 
distinguish a number of different lay ers of 
tissue in biUh w.ills — .it Ic.ast two 111 each. 
These tissue-layers are formed originally 
from four differentsimple cell-layers, which 
are the much-discusscd four secondary 
germinal layers. The outermost of these, 
the skin-sensc-laycr (Figs. 74, 75 hs\ and 
the innermost, the gut-gland-layer (dd), 
remain at first simple epithelia or cover- 
ing-layers. The one covers the outer 
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surface of the ventral wall ; hence they 
are called conhninf or limiting layers. 
Between them are the two middle-layers, 
soblasts, which enclose the biady- 

ivity. 


^Jomula of with « 

m permaiwtit mouuu 

The ft'ur secondary genninal lavers 
are so distributed in the structure of* the 
body in all the coelomaria (or all met4iA>a 
that have a body-cavity) that the outer 
two, joined fast together, constitute the 
body-wall, and the inner tyyo the yentral 
> alls are separated bj the 
elom Each of the walls 
a limning la^ci 


The first scientist to recognise and 
clearly distinguish the four secondary 
germinad lasers was Baer. It is true 
■ he was not quite clear as to their 
I origin and further ’ ’ 

several mistakes in detail in explaining 
them. But, on the whole, their great 
importance did not escape him. How- 
ever, in later years his view had to be 
given up in consequence of more accurate 
I observations. Kemak then propounded 
a three-layer theory, which was generally 
accepted. Theitc theories of cleayage, 
ver, began to give way thirty years 
when Kowalevsky (1871) showed 
in the case of Sa^ttta (a very clear 
typical subject of gastrulation) the 
middle germinal layers and the two 
ng kiycrs arise not by cicayage, but 
I by folding— by a secondary iny agination 
.? 4i,„ primary inner gcrm-Liycr This 
.,in,ition or folding proceeds from 
the priinitiye mouth, at the tyvo sides of 
which (right and left) a couple of pouches 
are fonnc'd. As these cielom-pouches or 
c(clum-s<ics detach themsclyes from the 
, primitiyc gut, ,1 double body -cavity is 
tormed (h'lgs 74 -6) 

' The -same kind of ccelom-formation as 
, in sagitta W4vs aftcrw’ards found by 
, Koyvalcysky in br4tchiop(xl 


tissues, and glands and nerves, 
middle layers form the great bi Ik of the 
fibrous tissue, muscles, and c nnective 
matter Hence the latter have Iso been 
called fibrous or muscular lay rs. The 
outer middle layer, yvhich lie* on the 
inner side of the skin-sense-Liver, is the 
skin fibre-layer , the inner middle layer, 
which attaches from without to the 
ventral glandular layer, is the ventral 
fibre layer. The former is usually called 
briefly the parietal, and the latter the 
visceral layer or mesoderm Of the many 
different names that have ' given to 
the four secondary germinal layers, the 
following are ’ ' o-day . — 




•n ontogeny — E. Ray-Lankester and F. 
Balfour. On the strength of these and 
other studies, as well as most extensive 
research of their own, the brothars Oscar 
and Richard Hertwig constructed in 1881 
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the Coelom Theory. In order to appr^ 
date fully the great merit of this illumi- 
nating and helpful theory, one must 
remember what a chaos of contradictory 
views was then represented by the 
‘ ‘ problem of the mesoderm,” or the much- 
disputed “question of the origin of the 
middle germinal layer.” The coelom 
theory brought some light and order into 
this infinite confusion Iw establishing the 
following points: i. Tbe bo^- cavity 
originates in the great majority of animals 
(especially in all the vertebrates) in the 
same way as in sagitta a couple of 
pouches or sacs are formed by folding 
inwards at the primitive mouth, between 
the two primary germinal layers ; as these 
pouches detach from the primitive gut, a 
pair of coelom-sacs (right and left) are 
formed , the coalescence of these produces 
simple body-cavitv. a. 
cijjlom-embrj’os develop, not as a pair of 
hollow pouches, but as solid layers of cells 
(in the shape of a pair of mesodermal 
streaks)— as Itappens in the higher verte- 
brates — we have a secondary (cenogeneticl 
modification of the primary (palingenctic) 
structure , the two walls of the pouches, 
inner and outer, have been pressed toge- 
ther by the expansion of the large food- 
yelk 3. Hence the mesode 
from the first of tw> genetically distinct I 
layers, which do not onginate by the | 
cleat age of a primary simple middle layer 
(as Kemak supposed). 4 These two 
middle l.iyers have, in all vertebrates, and 
the great majority of the invertebrates, 
the s.ime radic.il significance for the con- 
struction of the aniiTi.il body ; the inner 
middle layer, or the lisccra'I mesoderm, 
(gut-fibre’ layer), att.'iches itself to the 
origm.'il entoderm, and forms the fibrous, 
muscular, and connective part of the 
visceral wall , tho outer middle layer, or 
the parietal mesoderm (skm-fibre-layer), 
attaches itself to the original ectoderm, 
and forms the fibrous, muscular, and 
p=rt the body-wall. $. It 
is only at the point of origination, the 
primitive mouth and its vicinity, that the 
four secondary germinal layers are directly 
connected ; from this point the two 
middle iajers advance forward separately 
between the two primary germinal layers, 
to which they severally attach themselvra. 
6. The further separation or differentia- 
tion of the four secondary germinal layers 
and their division into the various tissues 
and organs lake place especially in the 
later fore-part or h^ of tho emhiy'o, and 


extend backwards from there towards 
the primitive mouth. 

All animals in which the body-cavity 
demonstrably arises in this way from the 
primitive gut (vertebrates, tunicates, 
echinoderms, articulates, and a part of 
the vermalia) were comprised by the 
Hertwigs under the title of enieroccela, 
and were contrasted with the other groujjs 
of the pseudoccela (with false body-cavity) 
and the cceUnterata (with no body-cavity). 
However, this radical distinction and the 
views as to classification which it occar 
sioned have been shown to be untenable. 
Further, the absolute differences in tissue- 
formation which the Hertwigs set up 
between the enterocoela and pscudoccela 
cannot be sustained i 
For these and other reasons their coelom- 
theory has been much cnticised and partly 



Fro. 78.— Section of a youncr ngltta. (From 

Herimf ) ift viK*ral canty, »* and at inner and 
outer bmiung la>er«, mv and m> inner and outer 
middle layem. It bodiHant}. dm and vm donal and 
vwcmral meaentcT} 

abandoned. Nevertheless, it h.as rendered 
a great and lasting service in the solution 
of the difficult problem of the mesoderm, 
and a material part of it will certainly te 
retained. 1 consider it an especial merit 
of the theory that it has established the 
identity of the development of the two 
middle layers in all the vertebrates, and 
has traced them as cenogenetic modifica- 
tions back to the original palingep“ij'' 
form of development that we still find in 
the amphioxus. Carl Rabl comes to the 
same conclusion in his able Thevry of 
the Mesoderm, and so do Ray-Lankester, 
Rauber, Kupffer, Ruckert, Selenka, 
HaLschek, and others. There is a general 
agreement in these and many other recent 
writers that all the different forms of 
coelom-construction., like those of gastru- 
lation, follow one and the same strict 
hereditary law in the vast vertebrate stem ; 
in spite of their apparent differences, they 
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are atl only cenc^enetic modifications of 
one palingenetic type, and this orig-inal 

r \ has been preserved for us down to 
present day by the invaluable omphi- 

But before we g'o Into the regular coelo- 
mation of the ainphloxus, we will glance 
at that of the arrow-worm ( Sagitta ), a 
remarkable deep-sea worm that is inte- 
resting in many ways for comparative 
anatomv and ontogeny. On the one 
hand, tfie transparency of the bcxl> and 
the embrjo, and, on the other hand, the 
typical simplicity of its embrt-onic de\elop- ' 
ment, make the sagitta a most instructs e j 
object ui connection w ith \ arious problems. ' 
The class of tlie ciuetognatha, nhich is ' 
only represented by the cognate genera of . 
Sa^Ua and Spadella, is in another respect 



afterwards arises). The two sacs are at 
first separated by a couple of folds of the 
entoderm (Fig 76 fnf), and arc still con- 
nected with the primitive gut by wide 
apertures ; they also communicate for a 
short time with the dorsal side (Fig 77 d). 
Soon, however, the ccelom-pouLhes com- 
pletely separate from each other and from 
the primitive gut , at the same lime they 
enlarge so much that they close round 
the primitive gut (Fig. 78) But in the 
middle line of the dorsal and ventral sides 
the pouches remain sepanitc-d, ihoir 
approaching walls joining here to form a 
thin \ertic.il partition, the mesentcrj ( dm 
,ind vm ) Thus Sagitta has throughout 
life a double body-cavitv (Fig 78 Ik), and 
the gut is fastened to the bcKly-w.all both 
above and below by a mesentery — below 





-larWB. (FromHahrhft) F.p 79 n tho nwimenn- 
> at Uu. Staitc »ith four pnmititc Mirmenta, at. it 
, mp incJuUar> pUu.. ch khonUf * aiul * JiHpoitition o1 


also a most remarkable branch of the j by the ventral mesentery ( vm ), and above 
extensiveverm.alia stem. It was therefore b> the dorsal mesentery (dm) The 
very gratifying that Oscar Hertwig (1880) inner layer of the two cielom-pouches 
fully explained the anatomy, classification, | ( mv ) attaches itself to the entoderm ( tk ), 
and evolution of the chaitognatha in his and torms with it the visceral wall The 
careful monograph , outer layer (mp) attaches itself to the 

The spheric<il blastula that arises from j ectoderm ( ak ), and forms with it the 
the impregnated ovum of the sagitta is outer body-wall. Thus we have in 
converted by a folding at one pole into a . a perfectly clear and simple illustration of 
tvpical archigastrula, entirely similar to I theoriginalccclomationof theentcroccula 
that of the Monoxema which I described , This palingcnctic fact is the more impor- 
(C^pter VIII., Fig. 29). This oval, uni- ' tant, as the greater part of the two body- 
axialcup-larva(circularinsection)becomcs 1 cavities in Sagitta changes nfterw.irds 
bilateral (or tri-axial) by the growth of a into sexual glands— the fore or fem.ile 
c»uple of coelom-ouches from the primi- part into a pair of ovaries, and the hind 
five gut (Figs. 76, 77). To the right and or male part into a pair of testicles 

-shaped fold appiears towards the Coelomation takes place with equal 
top pole (where the permanent mouth, m, clearness and transparency in the case of 
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the amphioxus, the lowest vertebrate, and 
Its nearest relatives, the invertebrate tuni- 
cates, the sca-sc^uirts. However, in these 
two stems, which we class tog^ethcr as 
Chordoma, this important process is more 
complex, as two other processes are asso- 
ciated with it — the development of the 
chorda from the entoderm and the separa- 
“ of the medullary plate or nervous , 
centre from the ectoderm. Here again ' 
the skulless amphioxus has preserved to i 
our own time by tenacious heredity the j 

while It has been more or less modified I 
by embryonic adaptation in all the other ' 
vertebrates (with skulls). Hence we must ' 
once more thorouglily understand the 
p.'ilingenctic embryonic fe.atures of the ' 
iancelet before we go on to consider the { 
cenogenetic forms of the craniota. 


borders of the concave medullary plate 
fold towards each other and grow under- 
neath the homy-plate, a cylindrical tube 
is fiarmed, the medullary tube (Fig. 82 «) ; 
this quickly detaches itself altogether 
from the horny-plate. At each side of the 
medullary tube, between it and the alimen- 
tary tube (Figs 79-82 dk), the two parallel 
longitudinal folds grow out of the dorsa ' 
wall of the alimentary tube, and 
form the two cislom-pouches (Figs. 80 
and 81 IK). This purt of the entoderm, 

of the middle germinal layer, is shown 
darker than the rest of the inner germinal 
layer in Figs. 79-82. The edges of the 
folds meet, and thus form closed tubes 
(Fig 81 m section). 

During this interesting process the 
outline of a third very important organ. 



Fn. 81. 




IS Bi and 8a.— Transverse section of amphioxus embryo. Fig 8i : 
I at the stax<^ with eleven aomitca. (Fmm Hattchek ) ak outer germini 
i-tube, ik inner ^terminal la>er. </A viaceral ui\it>. Ih booys:a\it>, mk middlL 


the stage with five aonntes 
m^uHary plate 


The c(Elom.ition of the amphioxus, ' 
which was first observed by Kowalevsky 
in 1867, lias been very c«irefully studied , 
since by Hatschek (1881) .According to ■ 
him, there arc first formed on the bilateral | 
gastrula we have alrie<idy considered 
(Figs. 36, 37) three parallel longitudinal 
folds— one single ectodermal fold in the 
central line of the dorsal surface, and a 
pair of cntodemiic folds at the two sides 
of the former. The broad cct0dcrm.1l fold 
that first appears in the middle line of 
the flattenec dorsal surface, and forms a 
shallow longitudinal grixjve, is the begin- 
ning of the central nervous system, tlio 
medullary lube. Thus the primary outer 
germinal layer divides into two parts, the 
middle meJullaiy plate (Fig. 81 mp) and 
the homy-plate (ai J, the beginning of the 
outer skin er epidermis. As the parallel 


the chorda or axi.-il rod, is being formed 
between the two coelom-pouches. This 
first foundation of the skeleton, a solid 
cvlindncal cartilaginous rod, is formed in 
the middle line of the dorsal primitive 
gut-wall, from the entodermal cell-streak 
that remains here between tlie two coelom- 
pouches (Figs. 79-S2 ck). The chorda 
appears at first in the shape of a flat 
longitudinal fold or a shallow groove 
(Figs. 80, 81) ; it does not become a solid 
cylindrical cord until after separation 
from the primitive gut (Fig. 82). Hence 
we might say that the dorsal wall of the 
primitive gut forms three parallel longi- 
tudinal folds at this important period— 
one single fold and a pair of folds. The 
single middle fold becomes the chorda, and 
lies immediately below the groove of the 
ectoderm, which becomes ^ medullaiy 
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tube ; the pair of folds to the right and 
left lie at the sides between the former 
and the latter, and form the ccelom- 
pouches. The part of the primitive gut 
that remains after the cutting off of these 
three dorsal primitive organs is the per- 


(Figs. 83, 84, in the third period of 
development according to Hatschek). 
(Strabo and Plinius give the name of 
cordtda or cordyla to young fish larvae.) 
I ascribe the utmost phylogenetic signifi- 
cance to it, as It is found in all the chorda- 
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cases the nerve-tube lies on the descend from an ancient common ances- 
dorsal side of the bilateral, worm-like tral form, which we may call We 

body, the gut-tube (d) on the ventral should regard this long-extinct Chordaa, 
side, the chorda ( ch) between the two, if it were still in existence, as a special 
on the long axis, and the cislom pouches class of unarticulated worm ( chordana ). 
(c) aX each side. In every case these It is especially noteworthy that neither 



Fio 89. Fn. 9a 

Pios. 89 anJ 9>>-— Transverse section of ooelomula embryos of triton. (From Hrrtarr) Fig So, 

•cation tkfottgk the pnmttive mouth 90, iiectton m front ot the prunitive mouth, u tmmitive mouth, 

dk ^tcavity, dz ydk^eJU. dp yelle-etopper, ok outer and saner germinal layer, pk parietal and v 6 viaceral 
middle layer, m m^ullary plate, ek choraa. 

primitive organs develop in the same way the dorsal nerve-tube nor the ventral gut- 
from the germinal layers, and the same tube, nor even the chorda that lies 
organs always arise from them in the between them, shows any trace of articu- 
mature chorda-animal. Hence we may lation or segmentation ; even the two 
conclude, according to the laws of the coelom-sacs are not segmented at first 
theory of descent, that all these chordonia (though in the amphioxus they quickly 
or chordata (tunicates and vertebrates) divdde into a series of parts by transverse 
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folding). These ontogenetic facts are of I 
the greatest importance for the purpose of 
learning those ancestral forms of the 
vertebrates which we have to seek in the 
group of the unarticulated vennalia. ■ 
The ccelom-pouches were originally sexual I 
glands in these ancient chordoma. ^ 

From the evolutionary point of view the 
coelom-pouches arc, in any case, older 
th<in the chorda ; since tliej also develop , 


in the same way as in the chordoma in a 
number of invertebrates which have no 
chorda (for instance, Sttgitta, Figs 76- 
78). Moreover, in the amphioxus the 
first outline of the chorda appe.irs later 
than that of the coelom-sacs. Hence we 
must, according to the biogenetic law, 
po>.tulate .T, special intermediate form 
between the gastrula and the chordula, 
which we will c.ill civhmula, an uruirticu- 
l.Ued, wonn-like body w'lth 



primitive gut, primitive 
mouth, and .1 double body- 
envitj, but no chorda. 
This embryonic form, the 
bilateral r<r/nr«tt/(7 (Fig 81), 
m.-ij in turn be regarded 
.ii the ontogenetic repro- 
duction (maintained by 
hcreditv) of tin ancient 
ancistr.il form of the coelo- 
m.in.i, the Ca'lomwa (ef. 
Chapter XX ) 

In Sa^«-///(i,inUotherworm- 
like.mimals the twocielom- 
pouches (presumably 
gon.ids or sex-glands) are 
sep.ir.ited by .1 complete 
median partition, the dorsal 
and ventral mesentcr) (Fig. 
78 dm and vm ) , but m the 
vertebrates only the ujiper 
part of this vertical partition 
IS maintained, and forms 
the dorsal mesentery. This 
mescnier} afterwards takes 
the form of ,1 thin mem- 
brane, which fastens the 
viscer.al tube to the chorda 


(or the vertebr.il column). 
At the under side of the 



visceral tube the ccelom- 
s.ics blend together, their 
inner or mcxlian walls 
breaking down .ind disap- 
pearing Thu body-cavity 
then forms ,1 single simple 
hollow, in which the gut is 
quite free, or only attached 
to the dorsal wall by means 
of the nicsentory. 

The development of the 
bixly-cavity and the forma- 
tion of the chordula in the 
higher vertebr.ites is, like 
that of Xhs gastrula, chiefly 
modified by the pressure 
of the food -yelk on the 
embryonic structures, which 
forces its hinder part into 
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a di^old expansion These cenogenetic imagine the ventral half of the primitive 
modifications seem to be so great that gut-wall in the amphioxus embryo (Fies 
until twenty years ago these important 79-«4) distended with food -yelk, Uie 
processes were totally misunderstood, vesicular ccelom-pouches must be 

It was generally believed that the body- pressed together by this, and forced to 
cavity m man and the higher vertebrates extend in the shape of a thin double 
was due to the division of a simple middle plate between the gut-wall and body-wall 
ai er, and that the latter arose by cleavage (Figs. 86, 87). This expansion follows a 
rom one or both of the primaiy germinal downward and forward direction. They 
layers The truth was brought to light are not directly connected with these two 
at last by the comp.arative embryological i walls. The real unbroken connection 
research of the Hertwigs. They showed ■ between the two middle layers and 
in Ihcir Ctrhm Theory (1881) that all the priniary germ-layers is found nc^it at 
\ertebr.itcs are true enterococla. and th^t [ the back, in the region of the primitive 
III cicr> case a pair of coilom-pouches arc | mouth (Fig 87 u) At this important 
developed from the primifne gut by. spot we have the source of embryonic 
folding The cenogcnelicchordula-forms I development ( blasiocrene ) ^ or “zone of 
of the craniotes must therefore be derived groM'th,” from which the ccclomation (and 
from the p.ihngenolic embryology of the' also the gastrulation) originally proceeds, 
amphioxus in the same w.iy as I had' Hertwig even succeeded m .s'hovi ing, in 
previously proved for their g.'istrul.i-forms i the coelomula-embryo of the water sala- 
Tho ihief difference between the mander f'TVi/ea^, between the first struc- 
c<x;lomation of the acrania ( amphioxus) , tures of the two middle layers, the relic of 
and the other vcrtehr.ites (with 


in the former are from the first 
hollow vesicles, filled with fluid, 
but 111 the latter are empty 
pouches, the layers of which 
(inner .and outer) close with each 
other In common p,irlancc we 
still c.ill ,a pouch or pocket by th.it 
n.ime, whether it is full or empty 


Fia Transrepse section of the ehonliile>embpyo 
of a bird (from a hen s egg at the do«c of the first day of 
incubation). (From KoUlker) h honrsilate (ectoderm), m 
medullary plate, R/ dorsal folds ^ same, Pv medullan 
furrow, ch chorda, mp median (inner) part of the middle 
layer (median wall of the coelom.poiiclics), j/ lateral (outer) 
part of iKime. or lateral idatisi, imh structure of the body- 
car ity, dd gut-gUnd-laycr 


maiiu.tls .'Hid large tre.itises on this I 
siieiice It Is proved that vesicles, pouches, ' 
or S.ICS deserve that ii.inie only when they 
.arc iiifl.ited .ind tilled vv ith .i cle<ir fluid 
■W^hen they arc not so filled (for instance, 
when the primitive gut of the g.astruha is 
filled with V'elk, or when the vv'alls of 
the empty cixiloin-pouches are pressed 
together), these vesicles must not be 
c.ivities,iny longer, but “solid structures.” 

The accumul.iiion of food-yelk in the 
ventral wall of the primitive gut (Figs 85, 
8b) is the simple c,iuse that converts the 
vic-sh.ipiMl cueloni-pouches of the acrania 
into the lc.if-sh.iped coeloin-strc,iks of the 
cr.iniolcs. To convince ourselves of this 
we need only compare, with Hertw ijx, the 
p<ihngenetic coclomula of the amphioxus 
(Figs. 80, 81) with the corresponding 
cenogcnctic form of the amphibia (Figs. 
89-90), and construct the simple diagram 
that connects the two (Figs. 87, 88). If we 


the body-cavity, which is represented in 
the dia^ammatic transitional form (Figs. 
87, 88). In sections both through the 
primitive mouth itself (Fig 89) and in 
front of It (Fig. 90) the two middle layers 
( ph and vb ) diverge from each other, and 
disclose the two body-cav itics as narrow 
clefts. At the pnmitiv e mouth itself (Fig. 
90 ») we can penetrate into them from 
w'lthout. It is only here at the border of 
the primitive mouth that we can show' the 
direct transition of the two middle layers 
into the two limiting layers or pnmary 
germinal layers. 

The structure of the chorda also shows 
the same features in these coelomula- 
embryos of the amphibia (Fig. 91) as m 
the amphioxus (Fi^s. 79-82). it arises 
from the entodemuc cell-streak, which 
forms the middle dorsal line of the primi- 
tivo gut, and occupies the s^e between 
the fiat coelom-pouches (Fig. 91 A). 
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While the nervous centre is formed here 
in the middle line of the back and 
separated from the ectoderm as “medul- 
la tube,” there takes place at the same 
time, directly underneath, the severance 
of the chorda from the entoderm (Fig. 91 
A, B, C). Under the chorda is form^ 
(out of the ventral entodermic half of the 
gastrula) the permanent gut or visceral 
»vity (enieron) (Fig 91 B, M) This, 
is done by the coalescence, under the 
chorda in the median line, of the two ' 
dorsal side-borders of the gut-gland-layer ^ 
which were previously .separated by ' 
the chorda-plate (Fig. 91 A, ch) ; these 
now alone form the clothing of the visceral , 
cavity C dh ) (enteroderm. Fig. 91 C). .Ml 
these' important modifications take place 
at first m the fore or head-part of the 
enibr^'o, and spread backwards from 
there ; here at the hinder end, the region 
of the primiti\e mouth, the import.ant 
border of the mouth (or pnpenstoma) 


possible as a matter of fact ; even the older 
illustrations showed an essential identity 
of features. Thus fort^ years ago Kbiliker 
^ve, in the first edition of his Human 
Embryology (1S61), some sections of the 
chicken-embr)'o, the features of which 
could at once be reduced to those already 
described and explained in the sense of 
Hertwig's coelom-theory. A section 
through the embryo in the hatched hen's 
egg towards the close of the first day of 
incubation shows in the middle of the 
dorsal surface a broad ectodermic medul- 
lary groove (Fig. gj R f), and under- 
neath the middle of the chorda (ch) and 
at each side of it a couple of broad meso- 
dermic layers (tp). These enclose a 
narrow space or cleft ( uvh ), w hith is 
nothing else than the structure of the 
body-cat ity. The two layers that enclose 
It — the up^r parietal layer (hpl)sL'a.A the 
lower visceral layer (df)~a.te. pressed 
together from without, but clearly dtstin- 



remains for a long time the source of I 
development or the zone of fresh construc- 
tion, in the further building-up of the 
organism. One has only to compare care- I 
fully the illustrations given (Figs. 85-91) ' 
to see that, as a fact, the cenogenetic 
coelomation of the amphibia can be 
deduced directly from the palingenetic 
form of the acrania (Figs. 79-^). 

The same principle holds good for 
the amniotcs, the reptiles, birds, and 
mammals, although in this case the pro- 
cesses of coelomation are more modified 
and more difficult to identify on account 
of the colossal accumulation of food-yelk 
and the corresponding notable flattening 
of the germinal disk. However, as the 
whole group of the amniotes has been 
developed at a comparatively late date 
from the class of tJie amphitna, their 
coelomation must also be directly trace- 
able to that of the latter. This is really 


guishable. This is even clearer a little 
later, when the medullary furrow is dosed 
into the nerve-tube (Fig. 93 mr) 

Special importance attiches to the fact 
that here again the four secondary ger- 
minal layers are already sharply distinct, 
and easily separated from each other. 
There is tinly one very restricted area in 
which they arc connected, and actually 
pass into each other ; this is the region of 
the primitive mouth, which is contracted 
in the amniotes into a dorsal longitudinal 
cleft, the primitive groove. I ts two lateral 
lip-borders form the pttmthvc streak, which 
has long been recognised as the most 
important embiyonic source and starting- 
point of further processes. Sections 
through this primitive streak (Figs. 94 
and 95) show that the two primary ger- 
minal layers grow at an early stage (in 
the discoid gastrula of the chick, a few 
hours after incubation) into the primitive 
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streak middle 

layers extend outvtrard from this thickened 
axial plate 0'^ to the right and left 
between the former. _ The plates of the 
coelom-layers, the parietal skin-fibre-l^er 
(m) and the visceral gut-fibre-layer (f), 
are seen to be still pressed close together, 
and only diven;c later to form the body- 
cavity Between the inner borders of the 
two flat coelom-pouches lies the chorda 

a 95 x), which here again developes 
I the middle line of the dorsal wall of 
the primitive gut. 

Cmlomation takes place in the verte- 
brates in just the same way as in the 
birds and reptiles. This was to be ex- 


four secondary germinal layers consists of 
a single stratum of cells. 

Finally, we must point out, as a fact of 
the utmost importance for our anthropo- 
geny and of great general interest, that 
the four-layer^ coelomulaof man has just 
the same construction as that of the rabbit 
(Fig. g6). A vertical section that Count 
Spec m^e through the primitive mouth 
or streak of a very young human ger- 
minal disk (Fig. 97) clearly shows that 
here again the four secondary germ- 
layers are inseparably connected only at 
the primitive streak, and that here also 
the two flattened coelom-pouches (mk) 
extend outwards to right and left from 



Fig 94. 



Figs. <m and 95.— Transverse section of the primltlTe streak (prlTnlttve mouth) of the oi 
f«v» h«ur» after the commvfKummt nf incubatwii. Fig 9 $ a little lattr (From ) h 

m Bkin-fiS(v4n\cr, f t'ut'fibre-la^er. d rut-(;^and-layer, ^ pnmitivc streak or axial pk 
jr gcrniinal la) m m.-et i structure of the chorda, u ruipun ol the later prunitive ludneyi. 


pcctod, .ns the char.icteristic gastrul.ntion 
of the iii.unmal h.is descended from tliat 
of the reptiles In both c.ises a di.scoid 
g.istrula with primitive stre<ik arises from 
the -segnienlcd ovum, a two-Iajered ger- 
minal disk with long and small hinder 
primitive mouth. Here again the two 
primary genninal layers are onlj directly 
connected (Fig 96 pr) along the primitive 
streak (at the folding-point of the blastula), 
and from this spot (the border of the 
primitive mouth) the middle germinal 
layers (mi J grow out to right and left 
between the preceding. In the fine illus- 
tration of the coelomula of the rabUt 
which Van Beneden has given us (Fig 
96) one can clearly see that each of the 


the primitive mouth between the outer 
and inner gemiinal lasers. In this case, 
too, the middle germinal layer consists 
from the first of two separate strata of 
cells, the panetal (mpj and visceral ( mv J 
mesoblasts. 

These concordant results of the best 
recent investigations (which have been 
confirmed b> the observations of a number 
of scientists I have not enumerated) 
prove the unity of the vertebrate-stem in 
point of coelomation, no less than of 
gastrulation. In both respects the in- 
valuable amphioxus — the sole survivor of 
the acrania — is found to be the original 
model that has preserved for us in ^in- 
genetic form by a tenacious heredity these 
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most important embryonic processes. 
From this primary model of cnnstniction 
we can cenogenetically deduce all the 
embryonic forms of the other vertebrates, 
the craniota, by secondary modifications. 
My thesis of the universal formation of 
the gastrula by folding' of the blastula has 
now been clearly proved for all the verte- 
brates ; so also has been Hcrtu ig's thesis 
of the origin of the middle germinal layers 
by the folding of a couple of coelom- 
pouches which appear at the border ot : 


tyrocal, unarticulated, worm-like form, 
which has an axial chorda between the 
dorsal nerve-tube and the ventral gut- 
tube. This instructive chordula (Figs. 
8t-86) provides a valuable supfxirt of our 
phylogenj ; it indicates the importint 
moment in our stum-history at which the 
stem of the chordonia (tunicates and ver- 
tebrates) parted for c\er from the diver- 
gent stems of the other metazoa (articu- 
lates, echinoderms, .md molluscs). 

I may express here my opinion, in the 




the primitive mouth. Just as the gas 
theory explains the origin and identity of i 


the two primary layers, so the coelom- 
theory explains thr “--L r j 


^ ic of the four secondary 

layers. The point of origin is always the 
properistoma, the border of the original 
primitive mouth of the gastrula, at which 
the two primary layers pass directly into 
each other. 

Moreover, the ccelomula is important as 
the immediate source of the chordula, the 
embryonic reproduction of the andent> 


; form of achordaia-lheory, that thecharac- 
teri^ic chord ula-larva of the chordonia 
has in reality this great significance — it is 
the typical reproduction (preserved by 
heredity) of the ancient common stem- 
form of all the vertebrates and tunicates, 
the long-extinct Chordtea. We will return 
in the twentieth chapter to these worm-like 
ancestors, which stand out as luminous 
points in the obscure stem-history of the 
invertebrate ancestors of our race. 
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Chapter XI. 

THE VERTEBRATE CHARACTER OF MAN 


We h:t\e now secured a number of firm ' 
standinp-placcs in the labyrinthine course 
of our individual development by our 
study of the important embryonic forms 
which we ha\ e called the cytula, morula, 
blastulri, {'aslrula, ccclomula, and chord- 
ula But we have still in front of us the 
dilTicult task of deri\in}{' the complicated 
frame of the human body, with all its 
different parts, organs, members, etc , 
from the simple form of the chordula 
We have previously considered the origin 
of tills four-la) ered cmbiwonic form from 
the tw’o-laycred gastrula. The two primary 
germinal la)ers, which form the entire 
body of the gastrula, and the t\\ o middle 
l.i)ers of the coelomula that develop 
between them, are the four simple cell- 
strata, or epithcha, w Inch alone go to the 
fonnation of the complex body of man 
and the higher animals It is so difficult 
to understand this construction that we 
will first seek a companion who may help 
us out of man) difficulties. 

This helpful' associate is the science of 
coinpanillve anatomy. Its task is, by 
comparing the fully - developed b^ily 
forms in the various groups of animals, 
to lc.irn the general law's of organisation 
according to which the body is con- 
structed , at the s<ame time, it has to 
dctennine the affinities of the various 
groups by critical .ippreciation of the 
degrees of difTcrence between them. 
Formerly, this work was conceived in a 
teleological sense, and it w'as sought to 
find traces of the pl.in of the Creator in 
the actual purposiv e organisation of ani- 
mals. But comparative anatomy lifts 
gone much deeper since the establishment 
of the theory of descent ; its philosophic 
Jiim now is to explain the variety of 
organic forms by adaptation, and their 
similarity by heredity. At the same time, 
it has to recognise in the shades of dif- 
ference in form the d^ree of blood-rela- 
tionship, and make an effort to construct 
the ancestral tree of the animal world. In 
this way, comparative anatomy enters 
into the closest relations with comparative 


embryology on the one hand, and with 
the science of classification on the other. 

Now, when we ask what position man 
occupies among the other organisms 
according to the latest teaching of com- 
iMrative anatomy and classification, and 
now man’s place in the zoological system 
IS determined by compariWm of the 
mature bodily forms, we get a very definite 
and significant reply , and this reply gives 
us extremely important conclusions that 
enable us to understand the embryonic 
development and its evolutionary purport 
Since Cuvier and Baer, since the immense 
progress that was effected in the early 
decades of the nineteenth century by these 
two great zoologists, the opinion has 
generally prevailed that the whole animal 
kingdom may be distributed in a small 
number of great div isions or types. They 
are called types because a certain t) pical 
or cliaractenstic structure is constantly 
preserved within each of these large 
sections. Since we applied the theory of 
descent to this doctrine of types, we liave 
learned that this common type is an out- 
come of heredity ; all the animals of one 
type are blood-relatives, or members of 
one stem, and can be traced to a common 
ancestral form. Cuvier and Baer set up 
four of tliesc types' the vertebrates, 
articulates, molluscs, and radiates. The 
first three of these are still retained, 
and may' be conceived as natural phylo- 
genetic unities, as stems or phyla in the 
sense of the tlieory of descent. It is quite 
otherwise with the fourth tyqie — the 
radiata. These animals, little know n as 
yet at Uic beginning of the nineteenth 
century, were made to form a sort of 
lumber-room, into w'hich were cast all the 
low'er animals that did not belong to the 
other three types. As w'e obtained a 
closer acquaintance with them in the 
course of the last sixty years, it w'as found 
that W'e must distinguish among them 
from four to eight different types. In 
this way the total number of animal 
stems or phyla has been raised to eight 
or twelve (cf. Chapter XX.). 
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These twelve stems of the animal hioK- same way from the common embryonic 
dom are, however, by no means co-orm- form of the chordula. Without going 
nate and independent types, but have into the difficult question of the origin of 
definite relations, partly of subordination, this stem, we must emphasise the fact 
to each other, and a very different phylo- that the vertebrate stem has no direct 
genetic meaning. Hence they must not affinity whatever to five of the other ten 
be arranged simply in a row one after the stems ; these five isolated phj la are the 
other, as was generally done until thirty sponges, cnidaria, molluscs, articulates, 
years ago, and is still done in some and echinodenns. On the other hand, 
manuals. We must distribute them in there are important and, to an extent, 
three subordinate principal groups of very close phylogenetic relations to the other 
different \alue, and arrange the various five stems — the protozoa (through the 
stems ph> logenetically on the principles amceba;), the gastncads (through the 
which 1 laid down in my Monograph on blastula and gastrula), the platodes and 
the Sponges, and develop^ in the Study vermalia (through the ceclumula), and the 
of the Gastraa Theory We have first tio tutiic.ttes (through the chordula) 
distinguish the unicellular animal.s How we are to explain these phylo- 

tosoa j from the multicellular tissue-form- genetic relations in the present state of 
ing ( metazoa J. Only the latter exhibit our knowledge, and w hat pl.ice is assigned 
the important processes of segmentation to the vertebrates in the •inimal ancestral 
and gastrulation ; and they alone have a tree, wiH be considered later (Chapter 
primitive gut, and form germinal layers XX ). For the present our task is to 
and tissues make plainer the vertcbr.ite character of 

The metazoa, the tissue-animals or gut- man, and especially to point out the chief 
animals, then sub-divide into two main peculiarities of organis.ition by which the 
sections, according as a body -cavity is vertebrate stein is profoundly separated 
or IS not developed betw'ecn the primary from the other eleven stems ot the animal 
germinal layers. We may call these the kingdom Only .iftcr those comparative- 
aelentena and ccelomana , the former anatomical considerations shall wc be in 
are often also called soophvtes or eaten- a position to attack the diffivult question 
teraia, and the latter bilatemls. This of our embry ology . The develupinent of 
div ision _ is the more important as the 
cuelcntcria (without coelom) have no blood 
and blood-vessels, nor an anus. The 
ciElomaria (w'tth body -cav ity) have gene- 
rally an anus, and blood and blood-vessels 
There are four stems belonging to the 
coelentena • the gastraiaJs (“ primitivc- 
gut animals ”), sponges, cnidaria, and 
platodes. Of the ccelomaria wc can dis- 
tinguish S1.X stems ; the vermalia at the 
bottom represent the common stem-group 
(derived from_ the platodes) of these, the 
other five typical stems of the ccelomana the chief features of the vertebrate and its 
— the molluscs, cchinodcrms, articulates, intcrn.d organis.ilion, I omit all the sub- 
tunicates, and vertebrates — being evolved ordinate points, and restrict myself to the 
from them. most important characteristics. 

Man is, in his whole structure, a true Much, of course, will seem to the rc.ider 
vertebrate, and develupes from an impreg- to be essential that is only of subordinate 
nated ovum in just the same character- and secondary interest, or even not cssen- 
istic way as the other vertebrates. There tial at all, in the light of comparative 
can no longer be the slightest doubt about anatomy and embryology. For instance, 
this fundamental fact, nor of the fact that the skull and vertebral column and the 
all the vertebrate form a natural phylo- extremities are non-essential in this sense, 
genetic unity, a single stem. The whole It is true that these parts arc very impor- 
of the members of this stem, from the tant physiologuaily ; but for the morpho- 
amphioxus and the cyclostoma to the apes logical conception of the vertebrate they 
and man, have the same characteristic are not essential, because they ore only 
disposition, connection, and development found in the higher, not the lower, verte- 
of the central organs, and arise in tlie brates. The lowest vertebrates have 


even the simplest and lowest vertcbr.ite 
from the simple chordul.i (Figs 83-86) is 
so complicated .ind diffivult to follow that 
it is necessary to undcrst.ind the org.iiiic 
features of the fully-formed vertebrate m 
order to grasp the course of its embryonic 
evolution. But it is equally neccss,ary to 
confine our attention, in this general 
anatomic description of the vertebrate- 
body, to the essential facts, and p.iss by 
all the unessential. Hence, in giving 
now an ideal aii.itomic description of 
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neither skull nor vertebrae, and no 
extremities or limbs. Even the human 
embryo passes through a stage in which 
it has no skull or vertebrae ; the trunk is 
quite simple, and there is yet no trace of 
arms and legs. At this stage of develo(>- 
ment man, like ever^’ other higher verte- 
brate, is essentially similar to the simplest 
vertebrate form, which we now find in 
only one living specimen. This one 
lowest vertebrate that merits the closest 
study — undoubtedly the most interesting 
of all the vertebrates after man — is the 
famous lancelet or amphioxus, to which 
we have already often referred. As we 
are going to study it more closely later on 
(Chapters XVI and XVII ), I will only 
make one or two passing observations on 

The amphioxus lives buried in the sand 
of the sea, is about one or two inches in 
length, and has, when fully developed, the 
shape of a very simple, longish, lancet- 
hke leaf ; hence its name of the lancelet. 
The narrow body is compressed on both 
sides, almost equally pointed at the fore 
and hind ends, without any trace of 
external appendages or articulation of the 
body into head, neck, breast, abdomen, 
etc. Its whole sh-ape is so simple that its 
first discoverer thought it was a naked 
snail. It was not until much later — half 
a century ago — that the tiny creature was 
studied more carefully, and was found to 
be a true vertebrate. More recent inves- 
tigations have shown that it is of the 
greatest importance in connection with 
the comparative anatomy and ontogeny 
of the vertebrates, and therefore with 
human phylogeny. The amphioxus 
reveals the great secret of the origin of 
the vertebrates from the invertebrate 
verm.dia, and in its development and 
structure connects dir^tly with certain 
lower tunicates, the ascidia. 

When we make a number of sections 
of the body of the amphioxus, firstly 
vertical longitudinal sections through the 
whole body from end to end, and secondly 
transverse sections from right to left, we 
get anatomic pictures of the utmost In- 
structiveness (cf. Fi^. 98-102). In the 
main they correspond to the ideal which 
we form, with the aid of comparative 
anatomy and ontogeny, of the primitive 
type or build of the vertebrate — the long 
extinct form to which the whole stem 
owes its origin. As we take the phylo- 
genetic unity of the vertebrate stem to be 
beyond dispute, and assume a common 


origin from a primitive stem-form for all 
the vertebrates, from amphioxus to man, 
we are justifi^ in forming a definite 
morphological idea of this primitive verte- 
brate ( PnapondyJus or Vettehraa ). We 
need only imagine a few slight and 
unessential changes in the real sections 
of the amphioxus in order to have this 
ideal anatomic figure or diagram of the 
OTimitive vertebrate form, as we see in 
Figs. 98-102. The amphioxus departs 
so little from this primitive form that we 
may, in a certain sense, describe it as a 
modified “ pnmitive vertebrate 

The outer form of our hypothetical 
primitive vertebrate was at all events very 
simple, and probably more or less similar 
to that of the lancelet. The bilateral or 
bilateral-symmetrical body is stretched out 
lengthways and compressed at the sides 
(Figs. 98-100), oval in section (Figs. 101, 
102). There are no external articulation 
and no external appendages, in the shape 
of limbs, legs, or fins. On the other 
hand, the division of the body into two 
sections, head and trunk, was probably 
clearer in Prospondylus than it is in its 
little-changed ancestor, the amphioxus. 
In both animals the fore or head-half of 
the body contains different organs from 
the trunk, and different on the dorsal 
from on the ventral side. As this impor- 
tant division IS found ev en in the sea-squirt, 
the remarkable invertebrate stem-relaliv^ 
of the vertebrates, we may assume that it 
I was also found m the prochordonia, the 
common ancestors of both stems. It is 
also very pronounced in the young larvm 
of the cyciostoma ; this fact is particularly 
interesting, as this palingenetic larva-form 
IS in other respects also an important con- 
necting-link between the higher verte- 
brates and the acrania. 

The head of the acrania, or the anterior 
half of the body (both of the real am- 
phioxus and the ideal prospondylus), 
contains the branchial (gpll) gut and heart 
in the ventral section and the brain and 
sense-organs in the dorsal section. The 
trunk, or posterior half of the body, con- 
tains the hepatic (liver) gut and sexual- 


Thc ideal 6suTe of the rertchrate u siven in Pin 
oB-ioa IS a h>*pothetical adwme or diasnun, that nas 
been diie6y oonittructed on the lines of the amphioxiis* 
but with a certain attention to UiecomparabTe anatomy 
— ^ ootoffeny of the asodia and appendiculana on thie 
hano. aiw of the cydoetoma and sdachii on the 
ir This du«ram hsMoo pretensum whatever to 
** exact pteture.'* but merely an attempt to recon- 
hypothetically the unknown and looff extinct 
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glands in the ventral part, and the spinal 
marrow and most of the muscles in the 
dorsal part. 

In the lonmtudinal section of the ideal 
vertebrate (Fig. 98) we have in the 
middle of the body a thin and flexible, 
but stiff, cylindrical rod, pointed at both 
ends ( ch ). It ^ goes the whole length 
through the middle of the body, and 
forms, as the central skeletal axis, the 
original structure of the later vertebra] 
column. This is the axial rod, or chorda 
dorsalis, also called chorda vertehrahs, 
vertebral cord, axial cord, dorsal cord, 
notochorda, or, briefly, chorda This solid, 
but flexible and elastic, axial rod consists 
of a cartilaginous mass of cells, and forms 
the inner axial skeleton or central frame 
of the body; it is only found in vertebrates 
and tunicates, not in any other animals. 
As the first structure of the spinal column 
it has the same radical significance in all 
vertebrates, from the amphioxus to man. 
But it IS only in the amphioxus and the 
cvciostoma that the axial rod retains its 
simplest form throughout life. In man 
and all the higher vertebrates it is found 
only in the earlier embr>'onic period, and 
is afterwards replaced by the articulated 
vertebral column. 

The axial rod or chorda is the real solid 
chief axis of the vertebrate body, and at 
the same time corresponds to the ideal 
long-axis, and serves to direct us with 
some confidence in the orientation of the 
principal organs.^ \Ve therefore take the 
vertebrate-b^y in its original, natural 
disposition, in whiih the long-axis lies 
horizontally, the dorsal side upward and 
the ventral side downward (Fig. 98) 
When we make a vertical section through 
the whole leii^h of this long axis, the 
body divides into two equal and sym- 
nietric.il h.ilves, ri^ht and left. In each 
half we have originally the same organs 
in the same disposition and connection ; 
only their disposal in relation to the 
vertical plane of section, or median plane, 
is exactly reversed the left half is the 
reflection of the right We call the two 
halve.s antimeru (opposed-parts). In the 
vertical plane of section that divides the 
two halves the sagittal (" arrow ”) axis, 
or “dorsoventral axis," goes from the 
back to the belly, corresponding to the 
sagittal seam of the skull. But when we 
make a horizontal longitudinal section 
through the chorda, the whole body 
divides into a dorsal and a ventral half. 
The line of section that passes through 
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the body from right to left is the trans- 
verse, frontal, or lateral axis. 

The two h^ves of the vertebrate body 
that are seppated by this horizontal 
transverse axis and by the chorda have 
quite different characters. The dorsal 
half is mainly the animal part of the 
body, and contains the greater part of 
what are called the animal organs, the 
I nervous system, muscular system, osseous 
I system, etc. — the instruments of move- 
ment and sensation. The ventral half is 
essentially the vegetative half of the body, 
and contains the greater part of the 
vertebrate’s vegetal organs, the visceral 
and v^ular systems, sexual system, etc. 
— the instruments of nutrition and repro- 
duction. Hence in the construction of 
the dorsal half it is chiefly the outer, and 
in the construction of the ventral half 
chiefly the inner, germinal layer that is 
engaged. Each of the two halves 
developes in the shape of a tube, and 
encloses a cavity in which another tube is 
found. The dorsal half contains the 
narrow spinal<olumn cavity or vertebral 
canal above the chorda, in which lies the 
tube-shaped central nervous system, the 
medullaiy tube. The ventral half contains 
the much more spacious visceral cav ity or 
body -cavity underneath the chorda, in 
which we find the alimentary' canal and 
all its appendages. 

The medullajy tube, as the central 
nervous system or psychic oigan of the 
vertebrate is called in its first stage, 
consists, in man and all the higher 
vertebrates, of two different parts : the 
Urge brain, contained in the skull, and 
the long spinal cord which stretches from 
there over the whole dorsal part of the 
trunk. Even in the pnmitive vertebrate 
this composition is plainly indicated. 
The fore half of the body, which corre- 
sponds to the head, encloses a knob- 
shaped vesicle, the brain (gh), this is 
prolonged backwards into the thin 
cylindneal tube of the spinal mapow ( r). 
Hence we find here this very important 
psychic organ, which accomplishes sensa- 
tion, will, and thought, in the vertebrates, 
in its simplest form. The thick wall of 
the nerve-tube, which runs through the 
long axis of the body immediately over 
the axial rod, encloses a narrow central 
canal filled with fluid (Figs. 98-ioa rl. 
We still find the medullary tube in this 
very simple form for a time in the embryo 
of all the vertebrates, and it retains this 
form in the amphioxus throughout life ; 



io8 


THE VERTEBRATE CHARACTER OF MAN 


only in the latter case the cylindrical i 
medulla^ tube barely indicates the seM- j 
ration of brain and spinal cord. The | 
lancelet’s medullary tube runs nearly the 
whole length of the body, above the 
chorda, in the shape of a long thin tube 
of almost equal diameter throughout, and 
there is only a slight swelling of it right 
at the front to reprint the rudiment of a 
cerebral lobe. It is probable that this 
peculiarity of the ampnioxus is connected 
with the partial atrophy of its head, as 
the ascidian larvse on the one hand and 
the \ oung cyclostoma on the other clearly 
show a division of the vesicular brain, or 
head marrow, from the thinner, tubular 
spinal marrow. 

Probably ac must trace to the same 
ph} logenetic cause the defective nature of 
the sense organs of the amphioxus, which 
we will describe later (Cliapter XVI ) 
Prospondylus, on the other hand, probablv 
had three pairs of sense-organs, though 
of a simple character, a pair of, or a 
single olfactory depression, right in front 
(Figs. 98, 99, no), a pair of ejes (au) 
in the lateral walls of the brain, and a 
pair of simple auscultory vesicles (g) 
behind. There was also, perhaps, a 
single panetal or “ pineal ” eye at the top 
of the skull feptphysts, e). 

In the vertical median plane (or middle 
plane, dividing the bilateral bod^ into 
right and left halves) we have in the 
acranta, underneath the chorda, the 
mesentery and visceral tube, and above it 
the medullar} tube ; and above the latter 
a membranous partition of the two halves 
of the body. With this partition is con- 
nected the mass of connective tissue 
which acts as a sheath both for the 
medullary tube and the underl}ing 
chorda, and is, therefore, called the 
chord-sheath ( perxchorda ) , it originates 
from the dorsal and median part of the 
coelom-pouches, which we shall call the 
skeleton plate or “sclerotom” in the 
craniote embryo. In the latter the chief 
part of the skeleton — the vertebral column 
and skull — developes from this chord- 
sheath ; in the acrania it retains its simple 
form as a soft connective matter, from 
which are formed the membranous parti- 
tions between the various muscular plates 
or myotomes (Figs. 98, gq sir). 

To the right and left of the cord-sheath, 
at each si^ of the medullary tube and 
the underlying axial rod, we find in all 
the vertebrates the large masses of muscle 
that constitute the musculature of the 


trunk and effect its movements. Although 
these are very elaborately differentiated 
and connected in the developed vertebrate 
(corresponding to the various parts of the 
bony skeleton), in our ideal primitive 
vertebrate we can distinguish only two 
pairs of these principal muscles, which 
run the whole length of the body parallel 
to the chorda. These are the upper 
(dorsal) and lower (ventral) lateral muscles 
of the trunk. The upper (dorsal) muscles, 
or theoriginal dorsal muscles(Fig to2ms), 
form the thick mass of flesh on the back. 
The lower (ventral) muscles, or the origi- 
nal muscles of the bellv, form the fleshy 
wall of the abdomen. 60th sets arc seg- 
mented, and consist of a double row of 
muscular plates (Figs 98, 99 ms ) , the 
number of these myotomes determines 
the number of joints in the trunk, or 
metamera. The myotomes are also de- 
veloped from the thick wall of the 
coelom-pouches (Fig. 102 f). 

Outside this muscular tube we have 
the external envelope of the vertebrate 
body, w'hich is known as the corium or 
cutis. This strong and thick envelope 
consists, in its deeper strat.i, chiefly of 
fat and loose connective tissue, and m 
Its upper layers of cutaneous muscles and 
firmer connective tissue. It covers the 
whole sufrface of the fiesh) body, and is 
of considerable thickness m all the 
craniota. But in the acrania the coriuin 
IS merely a thin plate of connective tissue, 
an insignificant " corium-plate " f lamella 
com, Figs 98-102/^ 

Immediately above the corium is the 
outer skin ('epidermis, o), the general 
covering of the whole outer surface. In 
the higher vertebrates the hairs, nails, 
feathers, claws, scales, etc , grow out of 
this epidermis. It consists, with all its 
appendages and products, of simple cells, 
and has no blo^-vesscls. Its cells are 
connected with the terminations of the 
sensory nerves. Originally, the outer 
skin is a perfectly simple covering of the 
outer surface of the body, compost only 
of homogeneous cells— a permanent horn- 

e ate. In this simplest form, as a onc- 
yered epithelium, we find it, at first, in 
all ihe vertebrates, and throughout life in 
the acrania. It afterwards grows thicker 
in the higher vertebrates, and divides 
into two strata — an outer, firmer corneous 
(horn) layer and an inner, softer mucus- 
jayer ; also a number of external and 
internal appendages grow out of it : out- 
wardly, the hairs, nails, claws, etc., and 
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inwardly, the sweat-glands, fat-glands, 
etc. 

It is probable that in our primitive 
vertebrate the skin was raised in the 
middle line of the body in the shape of a 
vertical fin liorder (f). A similar fringe, 
poing round the greater part of the body, 
IS found to-day in the amphioxus and the 
cyclostoma ; we also find one in the tail 
of fish-larva: and tadpoles. 

Now that we have considered the 
external parts of the vertebrate and the 
animal organs, which mainly lie in the 
dorsal half, above the chorda, we turn to 
the vegetal organs, which lie for the most 
p.trt in the ventral half, below the axial 
rod. Here we find a large body-ca\ity 
or visceral cavity in all the craniota. The 
spacious easily that encloses the greater 
part of the viscera corresponds to only a 
part of the ongirtal coeloma, which we 
considered in the tenth chapter ; hence it 
may be called the metacasloma As a rule, 
it is still briefly called the coeloma , for- 
merly it w’as known in anatomy as the 
pleuroperitoneal cavity. In man'and the 
other mammals (but only In these) this 
cieloma divides, when fully developed, 
into two different cavities, which are 
separated a transverse partition — the 
muscular di.tphragm. The fore or pec- 
toral cavity (pleura-cavity) contains the 
resophagus (gullet), heart, and lungs ; 
the hind or peritoneal or abdominal cavity 
contains the stomach, small and large 
intestines, liver, pancreas, kidnevs, etc. 
But in the vcrtebr.itc embryo, before the 
diaphr.igm is developed, the two cavities 
form a single continuous bodj -cavity, and 
we find it thus in all the lower vertebrates 
throughout life Tins body-cavity is 
clothed w ith a delicate l.iyer of cells, the 
ccelom-cpithelium In the acrania the 
crclom IS segmented both dorsally and 
ventrally, as their muscular pouches and 
primitive genital organs plainly show 
(Fig 102) 

The chief of the viscera in the boJy- 
cavity is the alimentary canal, the organ 
that represents the whole N^y in the 
gastrula. In all the vertebrates it is a 
long tube, enclosed in the body-cavity and 
more or less differentiated in length, and 
has tW'O apertures — a mouth for taking in 
food (Fi|;s. qS, too md) and an anus for 
the ejection of unusable matter or excre- 
ments ( a/J. With the alimentaiw canal 
a number of glands are connected which 
are of g^reat importance for the vertebrate 
body, and which all grow out of the 


canal. Glands of this kind are the 
salivary glands, the lungs, the liver, and 
many smaller glands. Nearly all these 
glands are wanting in the acrania ; 
probably there were merely a couple of 
simple hepatic tubes (Figs. 98, too /) in 
the vertebrate stem-form. The wall of 
the alimentary canal and all its appen- 
dages consists of two different layers ; the 
inner, cellular clothing is the gut-gland- 
layer, and the outer, fibrous envelope 
consists of the gut-fibre-layer ; it is 
mainly composed of muscular fibres 
which accomplish the digestive move- 
ments of the canal, and of connective- 
tissue fibres that form a firm envelope. 
We have a continuation of it in the 
mesentery, a thin, bandage-like layer, by 
means of which the nJimentaiy canal is 
fastened to the ventral side of the chorda, 
originally the dorsal partition of the two 
coelom-nouches The alimentary canal is 
variously modified in the vertebrates both 
as a whole and in its several sections, 
though the original structure is always 
the same, and is very simple. As a rule, 
it is longer (often several times longer) 
than the body, and therefore folded and 
winding within the bouy-cavity, especially 
at the lower end. In man and the higher 
vertebrates it is divided into several 
sections, often separated by valves — the 
mouth, pharynx, oesophagus, stomach, 
small ana large intestine, and rectum. All 
these parts develop from a very simple 
structure, which originally (throughout 
life in the amphioxus) runs from end to 
end under the chorda in the shape of a 
straight cylindrical canal. 

•As the alimentary canal may be 
regarded morphologically as the oldest 
and most important organ in the body, it 
is interesting to understand its essential 
features in the vertebrate more fully', 
and distin^ish them from unessential 
features. In this connection we must 
partioailarly note that the alimentary 
canal of every vertebrate show's a very 
characteristic div ision into two sections — 
a fore and a hind chamber. The fore 
chamber is the head-gut or branchial gut 
(Figs. 98-100 p, i), and is chiefly 
occupied w'ilh respiration. The hind 
section is the trunk-gut or hepatic gut, 
W'hich accomplishes digestion f' ma, dj. 
In all vertebrates there are formed, at an 
early stage, to the right and left in the 
fore-part of the head-gut, certain spei^ 
clefts that have an intimate connection 
with the original respiratory apparatus of 
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the rertebrate — the branchiul (grill) clefts 
(ts). All the lower vertebrates, the 
lancelets, lampreys, and fishes, are con- 
stantly taldng in water at the mouth, 
and letting it out ^ain by the lateral 
clefts of the ^Hct. This water serves for 
breathing, ^e oxygen contained in it 
is inspim by the blood-canals, which 
spread out on the parts between the gill- 
defts, the ^ill-arches (kg). These very 
characteristic branchial clefts and arches 
are found in the embryo of man and all 
the higfher vertebrates at an early stage 
of development, just as u’e find them 
throughout life in the lower vertebrates. 
However, these clefts and arches never 
act as respiratory organs in the mammals, 
birds, and reptiles, but g^dually develop 
into quite different parts. Still, the fact 
that they are found at first in the same 
form as in the fishes is one of the most 
interesting proofs of the descent of these 
three higher classes from the fishes. 

Not less interesting and important is an 
organ that developes from the ventral 
wdl in all vertebrates — the gill-groove or 
hypobranchial groove. In the acrania 
and the asodix it consists throughout life 
of a glandular ciliated groove, which runs 
down from the mouth in the ventral 
middle line of the gill-gut, and takes 
small particles of fo^ to the stomach 
(Fig. loi a). But in the craniota the 
thyroid gland (thyreoidca) is developed 
from it, the gland that lies in front of the 
larynx, and which, when pathologically 
enlarged, forms goitre ( struma J. 

From the head-gut vve get not only the 
gills, the organs of water-breathing in 
the lower vertebrates, but also the lungs, 
the organs of atmospheric breathing in 
the five higher classes. In these cases a 
vesicular mid appears in the gullet of the 
embryo at an early stage, and gradually 
takes the shape of two spacious sacs, 
which are afterwards filled with air 
These sacs are the two air-breathing 
lungs, which take the place of the water- 
breathing gills. But tne vesicular invagi- 
nation, from which the lungs arise, is 
merely the familiar air - filled vesicle, 
which we call the floating-bladder of the 
fish, and which alters its specific weight, 
acting as hydrostatic organ or floating 
apparatus. This structure is not found 
in the lowest vertebrate classes — the 
acrania and cyclostoma. We shall see 
more of it in Vol. II. 

The second chief section of the verte- 
brate-gut, the trunk or liver-gut, whicdi 


accomplishes^ digestion, is cf very simple 
construction in the acrania. It consists 
of two different chambers. The first 
chamber, immediately behind the gill- 
gut, is the expanded stomach (ma) ; the 
second, narrower and longer chamber, is 
the straight small intestine ( dj: it issues 
behind on the ventral side ly the anus 
(rrf). Near the limit of the two chambers 
in the visceral cavrity we find the liver, in 
the shape of a simple tube or blind 
sac ( 1 ) : in the amphioxus it is single ; 
in the prospondylus it was probably 
double (Figs. 98, too/). 

Closely related morphologically and 
physiologically to the alimentary canal is 
the vascular system of the vertebrate, 
the chief sections of which develop from 
the fibrous gut-layer. It consists of two 
different but directly connected parts, the 
system of blood-vessels and that of lymph- 
vessels. In the passages of the one we 
find red blood, and in the other colourless 
Ivmph To the lymphatic system belong, 
first of all, the lymphatic canals proper 
or absorbent veins, which arc distributed 
among all the organs, and absorb the 
used-up juices from the tissues, and 
conduct them into the venous blood ; but 
besides these there are the chyle-vessels, 
which absorb the white chyle, the milky 
fluid prepared by the alimentary canal 
from the food, and conduct this also to 
the blood. 

The blood-vessel system of the verte- 
brate has a very elaMratc construction, 
but seems to have had a very simple 
form in the primitive vertebr.ite, .is we 
find It to-day permanently in the annelids 
(fur instance, earth-worms) and the 
amphioxus. We accordingly distinguish 
first of all us essential, original parts of 
it two large single blixid-canals, which 
lie in the fibrous w'all of the gut, and run 
along the alimentary canal in the median 
plane of the body, one above and the 
other underneath the canal. These prin- 
cipal canals give out numerous branches 
to all parts of the body, and pass into 
each other by arches before and behind ; 
we will call them thiyvriinitive artery and 
the primitive vein. TTie first corresponds 
to the dorsal vessel, the second to the 
ventral vessel, of the worms. The primi- 
tive or principal artery, usually called the 
aorta (Fig ^ a), lies above the gut in 
the middle line of its dorsal side, and 
conducts oxidised or arterial blood from 
the gills to the body. The primitive or 
prinupal vein (Fig. 100 v) lies below the 
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gut, in the middle line of its ventral side, 
and is therefore also called the vena suh- 
tntesHnalis ; it conducts carbonised or 
venous blood back from the body to the 
gills. At the branchial section of the 
gut in front the two canals are connected 
by a number of branches, which rise in 
arches between the gill-clefts. These 
“branchial vascular arches” 
along the gill-arches, and have a direct 
share in the work of respiration. The 
anterior continuation of the principal vein 
which runs on the ventral waU of the gill- 
gut, and gives off these vascular arches 
^upwards, is the branchial artery (ka) 
At the border of the two sections of the 
ventral vessel it enlarges into a contractile 
^indle-shapcd tube (Figs 98, 100 k). 
This is the first outline of the heart, 
which aftemards becomes a four-cham- 
bered pump in the higher vertebrates and 
man. Tliere is no heart in the amphi- 
o\us, probably owing to degeneration. 
In prospondylus the ventral gill-heart 
probably had the simple form in which 
we still find it in the ascidia and the 
embryos of the craniota (Figs 98, took) 

The kidneys, which act as organs of 
excretion or urinary organs in all verte- 
brates, have a very different and elaborate 
construction in the \arious sections of this 
stem ; we will consider them further in 
the twenty-ninth chapter. Here I need 
only mention th.it in our hypothetical 
primitive vertebrate they probably had 
the s.ime form as in the actual amphioxus 
- -the primitive kidneys ( protonephra ). 
These are originally made up of a double 
row of little canals, which directly convey 
the used-up Juices or the urine out of the 
body-cavity (Fig. 102 »). The inner aper- 
ture of these proncphridial canals opens 
with a ciliated funnel into the body-cavity , 
the external aperture opens in lateral 
grooves of the epidermis, a couple of 
longitudinal grooves in the lateral surface 
of the outer skin (Fig. 102 k). The pro- 
nephridial duct is formed by the closing of 
this groove to the right and left at the 
sides. In all the craniota it developes at 
an early sta^e in the homy plate ; in the 
amphioxus it seems to be converted into 
a wide cavity, the atrium, or peribranchiai 
space. 

Next to the kidneys we have the sexual 
organs of the vertebrate. In most of the 
members of this stem the two are united 
in a single urogenital system ; it is only 
in a few groups that the unnaiy and 
sexual organs are separated (in the 


amphioxus, the cyclostoma, and some 
sections of the fish-class). In man and 
all the higher vertebrates the sexual 
apparatus is made up of various parts, 
which we will consider in the twenty-ninth 
chapter. But in the two lowest classes 
of our stem, the acrania and cyclostoma, 
they consist merely of simple sexual 
glands or gonads, the ovaries of the 
female sex and the testicles f spermaria ) 
of the male ; the former provide the ova, 
the latter the sperm In the craniota we 
always find only one pair of gonads ; in 
the amphioxus several pairs, arranged 
in succession. They must have had the 
same form in our hypothetical prospon- 
dylus (Figs 98, 100 .r). Tliese segmental 
pairs of gonads are the original ventral 
halves of the ccelom-pouches. 

The organs which we have now enu- 
merated in this general survey, and of 
which we have noted the characteristic 
disposition, are those parts of the organism 
that are found in all vertebrates without 
exception in the same relation to each 
other, how'ever much they may be modi- 
fied, We have chiefly had in view the 
transverse section of the body (Figs. 101, 
102), because in this we see most clearly 
the distinctive arran^ment of them. But 
to complete our picture we must also 
consider the segmentation or metamera- 
formation of them, w'hich has yet been 
hardly noticed, and which is seen best in 
the longitudinal section. In man and all 
the more advanced vertebrates the body is 
made up of a series or chain of simil^ 
members, which succeed each other in 
the long axis of the body— ^the segments 
or metamera of the organism. In man 
these homogeneous parts number thirty- 
three In the trunk, but they run to several 
hundred in many of the vertebrates (such 
as serpents or eels) As this internal 
articulation or metamerism is mainly 
found in the vertebral column and the 
surrounding muscles, the sections or 
metamera were formerly called pro-verte- 
brae. As a fact, the articulation is by no 
means chiefly determined and caused by 
the skeleton, but by the muscular system 
and the segmental arrangement of the 
kidneys and gonads. However, the 
composition from these pro-vertebixe or 
internal metamera is usually, and rightly, 
put forward os a prominent character of 
the vertebrate, and the manifold division 
or differentiation of them is of g^reat im- 
portance in the various groups of the 
vertebrates. But as far as our present 
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task— the derivation of the simple body of 
the primitive vertebrate from the chordula 
— is concerned, the articulate parts or 
metamera are of secondary interest, and 
we need not g'o into them just now. 

Tlic characteristic composition of the 
vertebrate body devclopes from the em- 
bryonic structure in the same way in man 


that this answer is just as certain and 
precise in the case of the origin of man 
from the mammals. Tliis advanced 
vertebrate class is also monophyletic, or 
lias e\olvGd from one common stem- 
group of lovicr vertebrates (reptiles, and, 
earlier still, amphibia) This follows 
from the fhet tnat the manunals are 



as in all the other vertebrates. As all ' 
competent experts now admit the mono- 
phyletic origin of the vertebrates on the 
strength of this significant agreement, 
and this "common descent of all the 
vertebrates from one original stem-form ” 
is admitted as an historical fact, we have 
found the answer to "the question of 
questions ” We may, moreover, point out 


clearly distinguished from the other 
classes of the stem, not merely in one 
striking particular, but in a whole group 
of distinctive characters. 

It is only in the mammals that we find 
the skin covered with hair, the breast- 
cavity separated from the abdominal 
cavity by a complete diaphragm, and the 
larynx provideo with an epiglottis. The 
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mammals alone have three small auscul- 
tory bones in the tympanic cavity — a 
feature that is connected with the charac- 
teristic modification of their maxillary 
joint. Their red blood-cells have no 
nucleus, whereas this is retained in all 
other vertebrates. Finally, it is only in 
the mammals that we find the remarkable 
function of the breast structure which has 
eiven its name to the whole class — the 
feeding of the young by the mother’s milk. 
The mammary glands which serve this 
purpose are interesting in so many ways 
that we may devote a few lines to them 
here. 

As is well known, the lower mammals, 
especially those which beget a number of 
young at a time, have several mammary 
glands at the breast. Hedgehc^s and 
sows have fi\e pairs, mice four or five 
pairs, dugs and squirrels four pairs, cats 
and hears three pairs, most of the 
ruminants and many of the rodents two 
pairs, each provided with a teat or nipple 
(mastosj In the various genera of the 
half-apes (lemurs) the number vanes a 
good deal. On the other hand, the bats 
and apes, which only beget one young at 
a time as a rule, have only one pair of 
mammary glands, and these are found at 
the breast, as in man. 

These variations in the number or 
structure of the mammary apparatus 
f mammartum ) have becomed oubly inter- 
esting in the light of recent research in 
comparative anatomy. It has been shown 
that in man and the apes we often find 
redundant mammary glands (hyper- 
amj/uwi 1 and corresponding teats (hyper- 
Ou’lism ) in both sexes. Fig. 103 show's 
four cases of this kind — A, B, and C of 
three women, and Z 7 of a man. They 
prove that all the above-mentioned 
numbers may be found occasionally in 
man Fig. 103 A shows the breast of a 
Berlin w'oman who had had children 
seventeen times, and who has a pair of 
small accessory breasts (with two nipples 
on the left one) above the two normal 
breasts ; this is a common occurrence, 
and the small soft pad above the breast is 
not infrequently represented in ancient 
statues of Venus. In Fig 103 C we have 
the same phenomenon in a Japanese girl 
of nineteen, who has two nippies on each 
breast besides (three pairs altogether). 
Fig. 105 D is a man or twenty-two with 
four pairs of nipples (as in the dog), a 
small pair above and two small pairs 
beneath the large normal teats. The 


maximum number of five pairs (as in the 
sow and hedgehog) was found in a Polish 
servant of twenty-two who had had 
several children ; milk was given by each 
nipple ; there were three pairs of 
redundant nipples above and one pair 
undemeath the normal and very large 
breasts (Fig 103 B). 

A number of recent investigations 
(especially among recruits) have showm 
that these things are not uncommon in 
the male as well as the female sex. They 
can only be explained by evolution, 
which attributes them to atavism and 
latent heredity. The earlier ancestors of 
all the primates (including man) were 
lower placentals, which had, like the 
hedgehog (one of the oldest forms of 
the living placentals), several mammaiy 
glands (five or more pairs) in the 
ahdomin^ skin. In the apes and man 
only a couple of them are normally 
developed, but from time to time we get a 
development of the atrophied structures. 
Special notice should taken of the 
arrangement of these accessory mammae ; 
they form, as is clearly seen in Fip, 103 
B and Z>, two long rows, which diverge 
forward (towards the arm-piit), and 
converge behind in the middle line 
(towards the loins). The milk-glands 
of the polymastic lower placentms are 
arranged in similar lines 
The phylogenetic explanation of poly- 
nnastism, as given in comparative 
anatomy, has lately found considerable 
support in ontogeny. Hans Strahl, E. 
Schmitt, and others, have found that 
there are always in the human embryo at 
the sixth week (when it is three-fifths of 
an inch long) the microscopic traces of 
five pairs of mammary glands, and that 
they are arranged at regular distances in 
two lateral and divergent lines, which 
correspond to the mammary lines. Only 
one pair of them — the central pair — are 
normally developed, the others atro- 
phying. Hence there is for a time in the 
human embryo a normal hyperthelism, 
and this can only be explained by the 
descent of man from lower primates 
(lemurs) with several pairs. 

But the milk-gland of the mammal 
has a great moiphologpcal interest from 
another point of view. This organ for 
feeding the youn^ in man and the higher 
mammals is, as is known, found in both 
sexes. However, It Is usually active only 
in the female sex, and yields the valuable 
mother’s milk ” ; in the male sex it is 
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small and inactive, a real rudimentary 
organ of no physiological interest. Never- 
theless, in certain cases we find the breast 
as fully developed in man as in woman, 
and it may ^ve milk for feeding the 
young. 

We have a striking instance of this 
gynecomastism (large milk-giving breasts 
in a male) in Fig. lo^ I owe the photo- 
graph (taken from life) to the kindness of 
Dr. Omstein, of -Athens, a German physi- 
cian, who has rendered service by a ' 
number of anthropological observations 
(for instance, in sever^ cases of tailed 1 


my stay in Ceylon (at Beltigemma) in 
t^i. A young Cinghalesc in his twenty- 
fifth year was brou^t to me as a curious 
hermaphrodite, hali-man and half-woman. 
His large breasts gave plenty of milk ; he 
was employed as “ male nurse " to suckle 
a new-hom infant whose mother had died 
at birth. The outline of his body was 
softer and more feminine than in the 
Greek shown in Fig. 104. As the Cingha- 
li»ie arc sm.all of stature and of graceful 
build, and as the men often resemble the 
w'omen in clothing (upper part of the 
body naked, female dress on the lower 



Fn. 104.— A Oreek gyiieoomast. 


men). The gynecomast in question is a 
Greek recruit in his twentieth year, who 
has both normally developed mme organs , 
and very pronounced female breasts. It 
is noteworthy that the other features of 
his structure are in accord with the softer j 
forms of the female sex. It reminds us 
of the marble statues of hermaphrodites I 
which the ancient Greek and Roman | 
sculptors often produced. But the man I 
would only be a real hermaphrodite if he 
had ovaries internally besides the (exter- 
nally visible) testicles. 

1 observed a very similar case during 


part) and the dressing of the hair (with a 
comb), 1 first took the beardless youth to 
be a woman. The illusion was greater, 
as in this remarkable case gj'nccoiiiastism 
was associated with cry^/orcMism— that 
is to say, the testicles had kept to their 
original place in the visceral cavity, and 
had not travelled in the normal w^ down 
into the scrotum. (Cf. Chapter XXIX.) 
Hence the latter was very small, soft, and 
empty. Moreover, one could feel nothing 
of the testicles in the inguinal canal. On 
the other hand, the male organ was very 
small, but normally developed. It was 
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clear that this apparent hermaphrodite 
also was a real male. 

Another caseof practical gynecomastism 
has been described by Alexander von 
Humboldt. In a South American forest 
he found a solitary settler whose wife had 
died in child-birth. The man had laid the 
new-born child on his own breast in 
despair ; and the continuous stimulus of 
the child’s sucking movements had revived 
the activity of the mammary erlands. It 
is possible that nervous suggestion had 
some share in it. Similar cases have 
been often observed in recent years, even 
among other male mammals (such as 
sheep and goats). 

The f^psat scientific interest of these 
facts is in their bearing on the question 
of heredity. The stem-history of the 
mammarium rests partly on its embry- 
ology (Chapter XXIV.) and partly on the 
facts of comparative anatomy and physio- 
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logy. As in the lower and higher mam- 
mals (the monotremes, and most of the 
marsupials) the whole lactiferous appa- 
ratus is only found in the female ; and as 
there are traces of it in the male only in 
a few younger marsupials, there can be 
no doubt that these important organs 
were originally found only in the female 
nuunmal, and that they were acquired by 
these through a special adaptation to 
habits of life. 

Later, these female organs were com- 
municated to both sexes by heredity ; and 
they have been maintained in all persons 
of either sex, although they are not physio- 
logically active in the males. This normal 
permanence of the female lactiferous 
organs In hath sexes of the higher mam- 
mals and man is independent of any 
selection, and is a fine instance of the 
much-disputed “inheritance ot acquired 
characters.” 


Chapter XII. 

EMBRYONIC SHIELD AND GERMINATIVE AREA 


The three higher classes of vertebrates 
which we call the amniotes — the 
mammals, birds, and reptiles — are notably 
distin^ished by a numrarof peculiarities 
of their development from the five lower 
classesof the stem— the animalswithout an 
amnion (the anamnta). All the amniotes 
have a distinctive embryonic membrane 
known as the amnion (or “water- 
membrane "), and a special embryonic 
appendage — the allantois. They have, 
further, a large yelk-sac, which is filled 
with f(^-yclk in the reptiles and birds, 
and with a corresponding clear fluid in 
the mammals. In consequence of these 
later-acquired structures, the original 
features of the development of the 
amniotes are so much altered that it is 
very difficult to reduce them to the palin- 
g^netic embryonic processes of the lower 
amnion-less vertebrates. The gastraea 
theory shows us how to do this, by repre- 
senting the embryology of the lowest 
vertebrate, the skull-less amphioxus, as 


the orimnal form, and deducing fiom it, 
through a series of gradual momfications, 
the gastrulation and cceiomation of the 
craniota. 

It was somewhat fatal to the true con- 
ception of the chief embryonic processes 
of the vertebrate that all the older embryo- 
logists, rom Malpighi (1687) and Wolff 
(*750) to (i8a8) and Rem^ (^850), 
always started from the investigation of 
the hen’s egg, and transferred to man 
and the other vertebrates the impressions 
they gathered from this. This classical 
object of embryological research is, as we 
have seen, a source of dangerous errors. 
The huge round food-yelk of the bird’s 
e^g causes, in the first place, a flat 
discoid expansion of the small gastrula, 
and then so distinctive a development of 
this thin round embryonic disk that the 
controversy as to its si^ificance occupies 
a large part of embryological literature. 

One of the most unfortunate errors that 
this led to was the idea of an original 
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antithesis of fjerm and yelk. The latter 
was regarded as a foreign body, extrinsic 
to the real gemi, whereas it is properly a 
part of it, an emb^onic organ of nutrition 
Many authors said there was no trace of 
the embryo until a later stage, and 
outside the }’elk ; sometimes the two- 
layered embryonic disk itself, at other 
times onlv the central portion of it (as 
distinguished from the germinative area, 
which we will describe presently), was 
taken to be the first outhne of the embryo. 


primitive gut. This is clearly shown by 
the ova of the amphibia and cyclostoma, 
which explain the transition from the 
velk-less ova of the amphioxus to the 
lai^e yelk-filled ova of the reptiles and 

It is precisely in the study of these 
difficult features that we see the incal- 
culable value of phjlogenetic considera- 
tions in explaining complex ontogenetic 
filcts, and the ne^ of separating ceno- 
genetic phenomena from palingenetic. 



In the light of the gastraea theory it is ; 
hardly necessary to dwell on the defects 
of this earlier view and the erroneous 
conclusions drawn from it. In reality, 
the first segmentation-cell, and even the 
stem-cell itself and all that issues there- 
from, belong to the embryo. As the large 
original yelk-mass in the undivided egg 
of die bini only represents an inclosure in 
the greatly enlarged ovum, so the later 
(xmtents of its embryonic yelk - sac 
(v'hether yet segmented or not) are only 
a part of the entoderm which forms the 


This is particularly clear as regards the 
comparative embryology of the verte- 
brates, because here the phylogenetic 
unity of the stem has been already estab- 
lishra by the well-know n facts of paleon- 
tology and comparative anatomy. If 
this unity of the stem, on the basis of the 
amphioxus, were always borne in mind, 
we should not have these errors con- 
stantly recurring. 

In many cases the cenogenetic relation 
of the embryo to the food-yelk has until 
now given rise to a quite wrong idea of 
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the first and most important embryonic 
processes in the hi^^hw verteixates, and 
has occasioned a number of false theories 
in connection with them. Until thir^ 
years ago the embryology of the higher 
vertebrates always started from the 
position that the first structure of the 
embryo is a flat, leaf-shaped disk ; it was 
for this reason that the cell-layers that 
compose this germinal disk (also called 
germinative area) are called “germinal 
layers. ” This flat germinal disk, which is 
round at first and then oval, and which is 
often described as the tread or cicatricula 
in the laid hen's egg, is found at acertam 
part of the surface of the large globular 
food-yelk. I am convinced that it is 
nothing else than the discoid, flattened 
gastrula of the birds At the beginning 
of germination the flat embryonic disk 
curves outwards, and separates on the 
inner side from the underlying large yelk- 
ball. In this way the flat layers are con- 
verted into tubes, their edges folding and 
joining together (Fig. 105) As the 
embryo grows at the expense of the food- 
yelk, the latter becomes smaller and 
smaller , it is completely surrounded by 
the germinal layers. Later still, the 
remainder of the food-yclk only forms a 
small round sac, the yelk-sac or umbilical 
vesicle (Fig. 105 uh^. This is enclosed by 
the visceral layer, is connected by a thin 
stalk, the yelk-duct, with the central part 
of the gut-tube, and is finally, in most of 
the vertebrates, entirely absorbed by this 
(H). The point at which this takes 
place, and w here the gut finally closes, is 
the visceral navel. In the mammals, in 
which the remainder of the yelk-sac 
remains without and atrophies, tne yelk- 
duct at length penetrates the outer 
ventral wall. At birth the umbilical cord 
proceeds from here, and the point of 
closure remains throughout life in the 
skin as the navel. 

As the older embryology of the higher 
vertebrates was mainly based on the 
chick, and regarded the antithesis of 
embryo (or formative-yelk) and food-yelk 
(or yelk-sac) as original, it had also to 
look upion the flat IWf-shaped structure 
of the germinal di.sk as the primitive 
embryonic form, and emphasise the fact 
that hollow grooves were formed of these 
flat layers by folding, and closed tubes by 
th^oining together of their edges. 

Inis idea, which dominated the whole 
treatment of the embryology of the higher 
vertebratei until thi^ years ago, was 


totally false. The gutraea theory, which 
has its chief application here, teaches us 
that it is the very reverse of the truth. 
The cup-shaped gastrula, in the body- 
wall of which the two primary germinal 
layers appear from the first as closed 
tubes, is the original embryonic form of 
all the vertebrates, and all the multi- 
cellular invertebrates; and the flat ger- 
minal disk with its superficially expanded 
germinal layers is a later, secondary 
lorm, due to the cenogenetic formation 
of the large food-yelk and the gradual 
spread of the germ-layers over its surface. 
Hence the actual folding of the germinal 
layers and their conversion into tubes is 
not an original and primary, but a much 
later and tertiary, evolutionary process. 
In the phylogeny of the vertebrate em- 
biyonic process we may distinguish the 
following three stages . — 


A. Fi^ Staife 
(paimsfcnetK) 

B SecoodStace. 
Seeondaiy 
(cca^enetic) 

proccM. 

C Third Stage : 

TerUary 

(cenogenetic) 

The ecnntnal 
layers form from 
Um fint closed , 

layer^ Uaslula 1 
bein^ converted ' 

The xenninal 
Uyenepreaduut 
leaf.wwe. food- 

i r.r^ihe'^^.sss 

' entoderm, and a 

The germinal 
layers form a flat 
germinal disk, 
Die borders of 
which join to- 
gether and form 

into the two* | 
byered f^astrula 

blfnK^^rm'^d 

from the middle 

separating from 
the centra y^- 



(Amnwin,) 


As this theory', a logical conclusion 
from the gastraea theory, has been fully 
substantiated by the comparative study 
of gastrulation in the last few decades, 
we must exactly reverse the hitherto pre- 
valent mode of treatment. The yelk-sac 
is not to be treated, as was done formerly, 
as if It were originally antithetic to the 
embryo, but as an essentia_y>art of it, a 
part of its visceral tube. Tne primitive 
gut of the ^^trula has, on this view, 
been divided into two parts in the higher 
animals as a result of the cenogenetic 
formation of the food-yelk— the perma- 
nent gut ( metagttster), or permanent 
alimentary canal, and the yelk-sac (leci- 
ihoma ), or umbilical vesicle. This is very 
clearly shown by the comparative onto- 
geny of the fi^es and amphibia. In 
these cases the whole yelk undergoes 
cleavage at first, and forms a yelk.^land, 
compel of yelk-cells, in the ventral wall 
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of the primitive |pit. But it afterwards The oldest, oviparous mammals, the 
becomes so larg^ that a part of the yelk monotremes, behave in the same way as 
does not divide, and is used up in the the reptiles and birds. But the corres- 
yelk-sac that is cut off outside. ponding embryonic processes in the vivi- 

When we make a comparative study parous mammals, the marsupials and 
of the embiyology of the amphioxus, the placentals, are veiy elaborate and dis- 
fit^, the chick, and the rabbit, there tinctive. They were formerly quite mis- 
cannot, in my opinion, be any further interpreted ; it was not until the publica- 
doubt as to the truth of this position, tion of the studies of Edward van 
which I have held for thirty years. Hence Beneden (1875) and the later research of 
in the light of the gastraea theory we Selenka, Kuppfer, RabI, and others, that 
must regard the features of the amphi- light was thrown on them, and we were 
oxus as the only and real primitive in a praition to bring them into line with 
structure among all the vertebrates, de- the principles of the gastrxa theory and 
parting veiy litfle from the palingenetic trace them to the embryonic forms of the 
embryonic form. In the cyclostoma and 1 lower vertebrates. .Although there is no 
the frog these features are, on the whole, , independent food-yelk, apart from the 
not much altered cenogcnetically, but I formative yelk, in the mammal ovum. 


Q total onthataccount, 
nevertheless a large 
yelk-sac^ is^ form^ 

surface, as in the 
reptiles and birds, 
which have a large 
food-yelk and par- 
tial segmentation. 
In the mammals, as 
^ ^ well as in the latter, 

*"*■ ^ the flat, leaf-shaped 

Fkj. 106.— rUe visoeral emlipyaiiio veriole (lUabxyiia or r^ntyMu) of germinal di^ 

a labbrt (the -bhatula " or rouWa blaMrnmem of other wntenK a outer rates from the yelk- 

enre^ (orotemnyX * ebn;ta yer or ecto Jerro fonumy the entire wmU of thofdk- gac, and itS edges 

▼ettde, c groupe Of daric odbs rcpreaentmir the viaoenU layer or enttiderm • • a. ei. ^ j 

Fia .0,^ mine u. -cSTLetlL « .hove. of the ve-de. J"'" together and 

(From Bachjff.i form tubes. 

How can we ex- 

they are very much so in the chick, and plain this curious anomaly ? Only as a 
most of all in the rabbit In the bell- | result of very characteristic and peculiar 
gastrula of the amphioxus and in the cenog^enetic modifications of the embryonic 
hooded gastrula of the lamprey and the process, the real causes of which must be 
frog the germinal layers are found to be sought in the change in the rearing of 
closed tubes or vesicles from the first, the young on the part of the viviparous 
On the other hand, the chick-embiyo (in mammals. These are clearly connected 
the new laid, but not yet hatched, egg) is with the fact that the ancestors of the 
a flat circul^ disk, and it was not easy to viviparous mammals were oviparous 
recognise this as a real gastrufa. Rauber amniotes like the present monotremes, 
and Goette have, however, achieved this, and only gradually became viviparous. 
As the discoid gastrula cpuws round the This can no longer be questionM now 
large globular yelk, and the permanent that it has been shown (18^) that the 
gut then separates from the outlying yelk- monotremes, the lowest and oldest of the 
sac, we find all the processes which we mammals, still lay eggs, and that these 
have shown (diagraramatically) in Fig. develop like the ova of the reptiles and 
108 — processes that were hitherto re- Inrds. Their nearest descendants, the 
garded as prindpal acts, whereas they marsu|Mals, formed the haUt of retaining 
•re merely secondaiy. the eggs, and developing them in the 


i the eggs, and developing them i 
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oviduct ; the latter was thus converted 
into a womb (uteru^. A nutritive fluid 
that was secreted from its wall, and 
passed through the wall of the bla^ula, 
now served to feed the embryo, and took 
the place of the food-yelk. In this way 
the original food-jrelk of the monotremes 
gradually atrophied, and at last disap- 
peared so completely that the partial 
ovum-segmentation of their descendants, 
the rest of the mammals, once more 
became total. From the dtscogaxtnila of 
the former was evolved the distinctive 
epu^astrula of the latter. 

it is only by this phylogenetic explana- 
tion that we can unuerstand the formation 
and development of the peculiar, and 
hitherto totally misunderstood, blastula 
of the mammal. The vesicular condition 
of the mammal embryo was discovered 
aoo years a^o (1677) by Rejp^er de Graaf. 
He found in the uterus of a rabbit four 
days after impregnation small, round, 
loose, transparent vesicles, with a double 
envelope. However, Graaf's discovery 
passed without recognition. It was not 
until 1827 that these vesicles were re- 
discovered by Baer, and then more closely 
studied in 184a by BischolT in the rabbit 
(Figs. 106, 107). They are found in the 
womb of the rabbit, the dog, and other 
small mammals, a few d<ws after copula- 
tion. The mature ova of the mammal, 
when they have left the ovajy, are ferti- 
lised either here or in the oviduct imme- 
diately afterwards by the invading sperm- 
cells.* (As to the womb and oviduct see 
Chapter XXIX ) The cleavage and for- 
mation of the gastrula take place in the 
oviduct. Either here in the oviduct or 


globular vesicle which is shown externally 
m Fig. 106, and in section in Fig. 107. 
The thick, outer, structureless envelope 
that encloses it is the original ovolemma 
or sona pelluctda, modified, and clothed 
with a layer of albumin that has been 
deposited on the outside. From this 
stage the envelope is called the external 
membrane, the primary chorion or pro- 
chorion f a). The real wall of the vesicle 

1 In mu and the other mainmala the fertihutiaa of 


tamal aaertun of the ondue 
Be pUe^tbeararrorin H 


I enclosed hy it consists of a simfde layer 
of ectodermic cells f which are flattened 
by mutual pressure, and generally hexa- 
gonal ; a light nucleus shines through 
their fine-gimned protoplasm (Fig. io8). 
At one p^ Cej inside this hollow^l we 
find a circular disc, formed of darker, 
softer, and rounder cells, the dark-grained 
entodermic cells (Fig. 109). 

The char^teristic embryonic form that 
the developing mammal now exhibits has 
up to the pr^nt usually been called the 
“blastula” (Bischoff), “sac-shaped em- 
bryo ” (Baer), “ vesicular embryo ” f wsi- 
cula hlastodermtca, or, briefly, blasto- 
sphara ). The wall of the hollow vesicle, 
which consists of a single layer of cells, 
was called the “ blastoderm,” and was 
supposed to be equivalent to the cell-layer 
of the same name that forms the wall of 
the real blastula of the amphioxus and 



many of the invertebrates (such as Mono- 
xenui, Fig. 29 F, G). Formerly this 
real blastula was generally believed to be 
equivalent to the embryonic vesicle of the 
mammal. However, this is by no means 
the case. What is called the “ blastula " 
of the mammal and the real blastula of 
the amphioxus and many of tlie inverte- 
brates are totally different embryonic 
structures. The latter (blastula) is palin- 
genetic, and precedes the formation of 
the gastrula. The former (blastodermic 
vesicle) is cenogenetic, and follows gas- 
trulation. The globular wall of the 
blastula is a real blastoderm, and consists 
of homogeneous (blastodermic) cells ; it 
is not yet differentiated into the two 
primary germinal layers. But the ^lobu- 
fer wall of the manunal vesicle is the 
differentiated ectoderm, and at one point 
in it we find a circular disk of quite 
different cells— the entoderm. Tlie round 
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The small, circular, whitish, and opaque 
spot which the gastric disk (Fig. 106) 
forms at a certain part of the sumce of 
the clear and transparent emb^onic 
vesicle has long been known to science, 



and compared to the germinal disk of the 
birds and reptiles. Sometimes it has been 
called the germinal disk, sometimes the 
germiml spot, and usually the gcrmina- 
tive nre«i. From the area the further 
development of the embryo proceeds 
However, the larger part of the embry- 
onic vesicle of the mammal is not directly 
used for building up the later body, but 
for the construction of the temporarj 
uinbilio'il vesicle. The embryo separates 
from this in proportion as it grows at its 
expense ; the two are only connected by 
the yelk-duct (the stalk of the yelk-s.ic), 
and this maintains the direct communica- 
tion between the cav ity of the umbilical 
vesicle and the forming visceral cavity 
(F^ ios\ . . . u r 

The gcrminative area or gastric disk of 
the m.immal consists at first (like the 
germinal disk of birds and reptiles) merely 
of the two primary’ germinal layers, the 
ectoderm and enlodcmi. But soon there 
appears m the middle of the circular disk 
between the two a third stratum of cells, 
the rudiment of the middle lapr or fibrous 
(mesoderm). This middle germinal 
layer consists from the first, as we have 
seen in the tenth Chapter, of two separate 
epithelial plates, the two layers of the 
ccelom-pouchcs (parietal and visceral). 
However, in all the amniotes fon account 
of the large formation of yelk) these thin 
middle plates are so firmly pressed 
together that they seem to reprint a 


single layer. It is thus peculiar to the 
amniotes that the middle of the germina- 
tive area is composed of four geminal 
layers, the two limiting (or primary) 
layers and the middle layers between 
them (Figs 97). These four second- 
ary germinal layers can bo clearly dis- 
tinginshoil as soon as what is called the 
sickle,groove (or “embryonic sickle”) is 
seen at the hind border of the germinativs 
area. At the borders, however, the ger- 
minative area of the mammal only con- 
sists of two layers. The rest of the wall 
of the emiayonic vesicle consists at first 
(but only for a short time in most of the 
mammals) of a single layer, the outer 
germinal layer. 

From this stage, however, the whole 
wall of the embryonic vesicle becomes 
two-layered. The middle of tlie germina- 
tive area is much thickened by the growth 
of the cells of the middle layers,^ and the 
inner layer expands at the same time, and 
increases at the border of the disk all 
round. Lying close on the outer Im'er 
throughout, it grows over its inner surface 
at all points, covers first the upper and 
then the lower hemisphere, and at last 
closes in the middle of the inner layer 
(Figs. 1 10 -1 14). The w'all of the embry- 
onic vesicle now consists throughout of 
two layers of cells, the ectoderm without 
and the entoderm within. It is only in 
the centre of the circular area, which 



becomes thicker and thicker through tho 
growth of the middle layers, that it is 
made up of all four layers. At the same 
time, small structureless tufts or warts ate 
deposited on the surface of the outer 




EMBRYONIC SHIELD AND GERMINATIVE AREA 


ovolemma or prochorion, which has been 
raised above tne embiTonic vesicle (Figs. 
112-114 a). . 

We may now disregard both the outer 
molenima and the greater part of the 



layered to the four-layered stage, the two- 
laye^ mesoderm developing from the 
m^ian primitive groove between the 
ectodemi and entoderm (Figs. 83-95). 

The first change in the round germinal 
disk of the chick is that the cells at its 
edges multiply more briskly, and form 
darker nuclei m their protoplasm. This 
gives rise to a dark ring, more or less 
sharply set oif from the lighter centre of 
the germinal disk (Fig 115). From this 
point the latter takes the name of the 
“ light area ” ( area fieHuetda J, and the 
darker ring is called the “dark area" 
Carea opata). (In a strong light, as in 
Figs 1 1 5-1 17, the light area iieems dark, 
berause the dark ground is seen thro^h 
It ; and the dark area seems whiter). The 
circular shape of the area now changes 
into elliptic, and then immediately into 
oval (Figs. 116, 1 17). One end seems to 
he broader and blunter, the other narrower 
and more pointed , the former corresponds 
I to the anterior and the latter to the pos- 
' terior section of the subsci|ucnt body. At 
i the same time, we can already trace the 
( haracteristic bilateral form of the body, 
the antithesis of right and left, before and 


Fk. 1,7 -thral garmlnal disk of the rabbit, 
masTuSot about ton timea. Ai the ddiralc. hall- 
tranaaarent <hak bet on a Made gfround. the pdliunl 


vesicle, and concentrate our attention on 
the germinative area and the four-lav ered 
embnonic disk. It is here alone that we 
find the important changes which lead to 
the differentiation of the first organs. It 
is immaterial whether we examine the 
germinative area of the mammal (the 
rabbit, for instancejl or the germinal disk 
of a bird or a reptile (such as a lizard or 
tortoise). The embryonic processes we 
are now going to consider are essentially 
the same in all members of the three 
higher classes of verte^tes which we 
call the amniotes. Man is found to agree 
in this respect with the rabbit, dog, ox, 
etc.; and in all these mammals the ger- 
minative area undergoes essentially the 
same changes as in the birds and reptiles. 
Th^ are most frequently and accurately 
studied in the chick, because we can have 
incubated hens’ eggs in aiw quantity at 
any stage of development. Moreover, fbe 
round germinal disk of the chick Passes 
immeduUely after the beginning of incu- 
bation (within a few hours) from the tw«>- 



behind. This will be made clearer by the 
“ primitive streak,” which appears at the 
posterior end. 

At an early stage an opaque spot is 
seen in the middle of the clear germinative 
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area, and this also passes from a circular 
to an oval shape. At first this shield- 
shaped marking is very delicate and barely 
per^ptlble ; but it soon becomes clearer, 
and now stands out as an oval shield, 
surrounded by two rings or areas (Fig. 
1 17). The inner and brighter ring is the 
remainder of the pellucid area, and the 
dark outer ring the remainder of the 
opaque area ; the op^ue shield-like spot 
itself is the first rudiment of the dorsal 
part of the embryx». We give it briefly 


ment ” and “ germinative area” are used 
in many different senses — and this has led 
to a fatal confusion in embryonic literature 
— we must explain very clearly the real 
significance of these important embryonic 
parts of the amniote. It will be li^ul 
to do so in a series of formal prin- 
ciples 

I. The so-called " first trace of the 
embryo ” in the amniotes, or the embry- 
onic shield, in the centre of the pellucid 
area, consists merely of an early differen- 



Fn. 119.— Hodbui iM^tndliial seetion of the ns^la of flair vertehratas. (From RmU.) A 
ducoinutniU of a ahark B amphieaatnila of a Hturseon f AmftnterJ. C amphijraatnila of an 

amplubium ( Tnipn). D epwaatnila of an anmiofe (diaeramX a ventral, h donal lip of the pnmitiTe mouth. 


the name of embryonic shield or dorsal 
shield. In most works this embryonic 
shield is described as “ the first rudinient 
or trace of the embryo,” or “ primitive 
embryo.” But this is wrong, though it 
rests on the authority of Baer md Bischoff. 
.As a matter of fact, we already have the 
embryo in the stem-cell, thej^trula, and 
all the subsequent stages. The embr^nic | 
shield is simply the first' rudiment of the j 
dorsal part, which is the earliest todevelcm. 1 
As the older names of “ embryonic ruJi- ' 


tiation and formation of the middle dorsal 
parts. 

2 Hence the best name for it is 
“ the dorsal shield,” as 1 proposed long 
ago. 

3. The germinative area, in which the 
first embryonal blood-vessels appear at an 
early stage, is not opposed as an external 
area to the “ embryo proper,” but is a 
part of it. 

4. In the same way, the yelk-sac or the 
umbilical vesicle is not a foreign external 
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appendsm^of the embryo, but an outlying 
part of its primitive gtit. 

5. The dorsal shield graduailv separates 
from the g^rminative area and the yelk- 
sac, its edges growing downwards and 
foldii^ together to foim ventral plates 

6. Tne } elk-sac and \essels of the ger- 
minative area, which soon spread over 
its whole surface, are, therefore, real 
embryonic organs, or temporaiy- parts of 
the embryo, and have a transitory impor- 
tance in connection with the nutrition of 
the growing later body ; the latter may be 
called the “ permanent body ” in contrast 
to them. 

The relation of these cenogenetic 
features of the amniotes to the palin- 
genetic structures of the older non- 
amniotic vertebrates may be expressed 
in the folloa ing theses ' The original 
gastrula, ehich completely p.isses into 
the embryonic hod\ in the aentnia, cyclos- 
toma, and amphibia, is early divided into 
two parts in the amniotes— t'hc embnonic 
shield, which represents the dors<il outline 
of the permanent body , and the temporary 
embryonic organs of the germin.-itive are<i 
and Its blood-vessels, which soon grow 
over the whole of the yelk-sac. The 
differences which we find m the various 
classes of the vertchratc stem in these 
important particulars can only be fully 
understood when w’e bear in mind their 
phylogenetic relations on the one hand, 
and, on the other, the cenogenetic modi- 
fications of structure that have been 
brought about by changes in the rearing 
of the young and the variation in the mass 
of the food-yelk. 

We have already described in the ninth 
chapter the changes which this increase 
and decrease of the nutritive yelk causes , 
in the form of the gastrula, and especnilly I 
in the situation and shape of the primitive ' 
mouth. The primitiv c mouth or prostoma 
is originally a simple round aperture at ^ 
the lower pole of the long axis , its dorsal i 
lip is above and ventral lip below. In the ' 
amphioxus this primitive mouth is a little 
eccentric, or shifted to the dorsal side 
(Fig. 39). The aperture increases with 
the growth of the food-yelk in the cyclo- 
stoma and ganoids ; in the sturgeon it lies ' 
almost on the equator of the round ovum, ' 


' the ventral lip >n front and the dorsal 
: lip behind (Fig. 11^ A). In the wide- 
mouthed, circular discoid gastrula of the 
selachii or primitive fishes, which spreads 
quite flat on the large fixxl-velic, the 
anterior semi-circle of the bortfer of the 
disk is the ventral, and the posterior semi- 
circle the dorsal lip (Fig. iiq A). The 
amphiblastic amphibia are directly con- 
nected with their earlier Ash-ancestors, 
the dipneusts and ganoids, and further 
the oldest selachii f Ccstracwn ), they have 
retained their total unequal segmentation, 
and their small primitive mouth (Fig 119 
C, a 6 ), blocked up by the yelk-stopper, 
lies at the limit of the dorsal and ventral 
surface of the embryo (at the lower pole 
of its equatorial axis), and there again 
has an upper dorsal and a lower ventral 
lip (a,b) The formation of a large food- 
yelk followed ng.iin in the stem-forms of 
the amniotes, the protammotes or prorep- 
tilia, descended from the amphibia (Fig. 
119 D) Hut here the aci umul.it ion of 
the food-yelk UHikpl.ueonly in the ventral 
wall of the primitive-gut, so th.it the 
narrow primitive mouth lying behind was 
forced upvv.irds. and Criino to lie on the 
Ixtck of the discoid “ epig.istrula " in the 
shape of the ‘‘primitive griwve”, thus 
(in contr.ist to the c.ise oi the selachii. 
Fig 119 .- 1 ) the dorsal lip ( b) h.id to be 
in front, and the ventral lip f'a,) behind 
(Fig. iiqD) Thisfeaturew.Lstr.insmitted 
to all the amniotes, whether they retained 
the large food-yelk (reptiles, birds, and 
monotremes), or lost it by atrophy (the 
viviparous mammals) 

This phylogenetic explanation of gas- 
trulation and cuelomation, and the com- 
parative study of them in the v.irious 
vertebrates, throw a clear .'iiid full light 
on m.iny ontogenetic phenomena, as to 
which the must obscure and confused 
opinions were prevalent thirty te.-irs ago. 
In this w-c see especially the high scientific 
value of the biogcnctic law and the 
careful separation of palingenctic from 
cenogenetic processes. To the opponents 
of this law the real cxplan.ition of thc.se 
remarkable phenomena is impossible. 
Here, and in every other part of cnibryo- 
logy, the true key to the solution lies in 
phylogeny. 
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Chapter XIII. 

DORSAL BODY AND VENTRAL BODY 


The earliest stages of the human embryo 
are, for the reasons already given, eittier 
quite unknown or only imperf^tly known 
to us. But as the subsequent emfc^onic 
forms in man behave and develop just as 
they do in all the other mammals, there 
cannot be the slightest doubt that the 
preceding stages also are similar. We ; 
h.ave been able to see in the ccelomula of 
the human embryo (Fig 97), by trans- ' 
verse sections througli its primitive 
mouth, th.-it its two ciclom-pouches are 
developed in just the same w’ay as in the 


it is in the middle line of this that the 
OTimitive streak appears (Fig 121 ps). 
The narrow longitudinal groove in it — 
the so-called “primitive groove” — is, as 
we have seen, the primitive mouth of the 
gastrula. In the g^trula-embryos of 
the mammals, which are much modified 
cenogenetically, this cleft-shaped prostoma 
is lengthened so much that it soon 
traverses the whole of the hinder half of 
the dorsal shield ; as we find in a rabbit- 
embryo of SIX to eight days (Fig 122 ^r). 
The two swollen parallel borders that 



rabbit (Fig. q^) j moreover, the peculiar 
course of the g.vstrulation is just the same. 

The germinative area forms in the 
human embryo in the same way as in the 
other mammiils, and in the middle part of 
this we h.vve the embryonic shield, the 
purport of which we considered in the 
previous chapter. The next changes in 
the embryonic disk, or the ‘‘embryonic 
spot,” take place in correspondingfa^ion. 
These are the clianges we are now going 
to consider more closely. 

The chief part of the oval embryonic 
shield is at hrst the narrow hinder end ; 


limit this median furrow are the side 
lips of the primitive mouth, right and 
left. In this way the bilateral-symme- 
trical type of the vertebrate b^mes 
pronounced. The subsequent head of the 
amniote is developed from the broader 
and rounder fore-half of the dorsal shield. 

In this fore-half of the dorsal shield a 
median furrow quickly makes its appear- 
ance (Fig. 123 »/). This is the broader 
dorsal furrow or medullary groove, the 
first beginning of the central nervous 
system. The two parallel dorsal or 
meduUaiy swellings tnat enclose it grow 
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in the hind-half and the median medullary 
furrow (rf)\n the fore-half of the oval 
shield are totally different structures, 
although the latter seems to a superficial 
observer to be merely the forward con- 
tinuation of the fonner. Hence they 



were formerly ala ays confused. This 
error was the more pardonable as imme- 
diately afterwards the two grooves do 
actually pass into each other in a verj 
remarluble way. The point of transition 
is the remarkable ncurenteric canal (Fig 
124 cn). But the direct connection which 
is thus established does not last long , 
the two are soon definitely separated by a 
partition. 

The enigmatic neurentene canal is a 
very old embryonic organ, and of great 
[diylogenctic interest, because it arises in 
the same way in all the chordonia (both 
tunicates and \ertebrates]. In everj' case 
it touches or embraces like an arch the 
posterior end of the chorda, which has 
been dei eloped here_ in front out of the 
middle line of the primitive ^ut (between 
the two coelom-folds of the sickle groove) 
(“head-process,” Fig. 123 if). These 
\cry ancient and strictly liereditaiy struc- 
tures, which have no physiological signifi- 
cance to-day, deserve (as "rudimentary 
organs ”) our closest attention. The 
tenacity with which the useless neuren- 
tcric canal has been transmitted down to 
man through the whole series of verte- 
brates is of etjual interest for the theory of 
descent in general, and the phytogeny of 
the chordonia in particular. 

The connection which the neuren- 
teric canal (Fig. 123 cn) establishes 
between the dorsal nerve-tube (n) and 
the veatral gut-tube (dj \a seen veiy 
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idainly in the anudiioxus in a longi- 
tudinal section of the coelomula, as soon 
as the primitive mouth is completely 
closed at its hinder end. The medullary 
tube has still at this stage an opening at 
the forward end, the neuroi/Cms (Fig. 83 
np) This opening also is after- 
wards closed. There are then two 
completely closed canals over each 
other — the medullary tube above 
and the gastric tube below, the 
tw'O being separated by the 
chorda. The same features as in 
the acrania are exhibited by the 
related tunicates, the ascidix. 

Again, we find the neureiiteric 
canal in just the same form and 
situation in the amphibia. A 
longitudinal section of a young 
tadpole (Fig. 125) shows how we 
may penetrate from the still open 
primithe mouth (xj either into 
the wide primitive gut-cavity (aJJ 
or the narrow overlying nerve- 
tube. .\ little later, when the 
primitive mouth is closed, the narrow 
neurenteric canal (Fig. 126 «^) represents 
the arched connection between the dorsal 
medullary canal (me) and the ventral 
gastric canal. 

In the amniotes this original curved 
form of the neurenteric canal cannot be 
found at Erst, because here the primitive 
mouth travels completely over to the 



dorsal surface of the gastrula, and is con- 
verted into the longitudinal furrow we 
call the primitive groove. Hence the 
primitive groove (Fig. 128^), examined 
from above, aj^iears to be the straight 
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cxxitinuation «'f the fore-lying and 
ywnger tnedvilary furraw (me). The 
dn-eigent hind legs of the latter embrace 
the anterior end of the former. After- 
wards we have the complete closing of 
the primitive mouth, the dorsal swellings 


While these important processes are 
talcing place m the axial part of the 
dorsal shield, its external (orm also is 
changing. The oval form (Fig. 117) 
becomes like the sole of a shoe or sandal, 
lyre-sliaped or finger- bin. uit shaped 
(Fig. 130). The middle third 
docs not grow in width as quickly 
as the posterior, and still less than 
the anterior third; thus the shape 
of the permanent body becomes 
somewhat narrow at the waist 
At the same time, the u\al form 
of the germinativc area returns 
a circular shape, and the inner 
pellucid area sep<irales more 
clearly from the op.aque outer 
area (Fig 131/1). Tlie completion 
of the circle in the area m.irks 
the limit of the form.vtion ol 
bliHHl-vesscls in the mesodi rni. 

The ch.iracteri.stii. s.ind.il-sh.ipe 
of tlie dorsal shield, w Inch is 





joining to form the medullary tube and | 
growing over it. The neurenteric 
canal then leads directly, in the shape of | 
a narrow arch-shaped tube (Fig. 129 ne), 
from the medullary tube (^J to the 
giutric Xuhe (pag). Directly in front of 
It is the latter end of the chorda 


determined by the narrowness of the 
middle part, and which is compared to 
a violin, lyre, or shoe-sole, persists for a 
long time in all the amniotes. All 
mammals, birds, and reptiles have sub- 
stantially the same construction at this 
Stage, and even for a longer or shorter 
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period after the division of the primitive 
sefpnents into the ccelom-folds has 
h^run (Fig. 13J). The human embryonic 
shield assume the sandal-form in the 
second week of development; towards 



distinguish them at all or onl^ by means 
of quite subordinate peculiarities in the 
sise of the various parts. Moreover, the 
human sandal-shaped embr^ 
cannot at this stage be dis- 
tinguished from thoseof other 
mammals, and it particularly 
resembles that of the rabbit. 
On the other hand, the outer 
form of these flat sandal- 
shaped embryos is very dif- 
ferent from the corresponding 
form of the lower animals, 
especially the acrania (amphi- 
oxus). Nevertheless, the body 
is just the same in the essen- 
tial features of its structure 
that we find in the chordula 


Piu iJ4.-U>nBltadtnal section of thehlader end of aehick. latter (Figs._ 83-86), 

(^From fldigwr.) npiuiLtr) tu^. connu^d^th the terminal and in the embryonic forms 

ifu^n •) Kanglum, al alUntou, rp cckalerm, ky entoderm. 

U>or, tp viaceral layer, ea anui-pit. am amnion 


einbiyo has a length of about one-twel 
of .in'inch (Fig. 1,3.1). 

Tile complete bilateral sjmmctr) of the 
' body is \cr> c.ifl\ indicated in 
form of tlic embrtoiiic shield 
(Fig. 117) b\ the modi.in priniitnc streak, j 
in tlic santlal-forin it is eten more pro- | 
nouneod (Figs. 131-135). In the l.itcral | 
p.irts of the embiyonic shield a d.trkcr i 
luntral and a lighter peripheral zone 
betome more obvious; the fonner is 
t.illed ihe stem-zone (Fig. 134 sfs), and , 
itle latter the piirietal zone ( fis J ; from 
the first » c get the dors,il .ind from the j 
second the lentral half of the bodj-wall. 
Tile stem-zone of the aiiiniote embrto 
would bo cuilled more appropriately the 
dorsal zone or dorsal shield , from it 
developcs the whole of the dorsal half of 
the later body (or permanent bodj ) — th.it 
is ti* sav, the dorsal body (ejnwma). 
Again, it uould be better to c<ill the 
“parietal zone” the icntr.il zone or 
ventral shield; from it deielop the 
ventral “ l.iteral pl.ites,” which after- 
wards separate from the embnronic 
vesicle and form the ventral body (hypo- 
that is to say, the \entral lwlf| 
of the permanent body, together with 
the body-cavity and the gastric canal that 
it encloses. 

The sole-shaped germinal shields of all 
the amniotes are still, at the stage of con- 
etruction which Fig. 134 illustrates in 


. _ . embryonic f 
w'hich immediately develop 
from it. The striking ex- 
ternal difference is here again 
due to the fact that in the palingenetic 
embnos of the amphioxus (Fiire 83, 84) 
and the amphibia (Figs. 85, 8 Q the gut- 
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shaped, 

(Fium BtBchoff) 


wall and body-wall form closed tubw 
fh>m the first, whereas in the cenogenetic 
embryos of the amniotes they are forced 
to expand leaf-wise on the surface owing 

to tho grcRt extension of the food-yelk- 
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It is all the more notable that the early 
separation of dorsal and ventral h^ves 
talces place in the same rigidly hereditarv 
fashion in all the vertelmtes. In both 
the acrania and the craniota the dorsal 
body is about this period separated from 
the ventral body. In the middle part of 
the body this division has already taken 
place 1^ the construction of the chorda 
between the dorsal nerve-tube and the 
ventral canal. But in the outer or lateral 


proceed step by step with interesting 
changes in tm ectoderm, while the ento- 
derm changes little at first. We can 
study these processes best in transverse 
sections, made vertically to the surface 
through the sole-shaped embrt onic shield. 
Such a transverse section of a chick- 
embryo, at the end of the first day of 
incubation, shows the gut-gland layer as 
a very simple epithelium, which is spread 
like a leaf over the outer surface of the 
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pfet from the open dorsal furrow, the 
upper cleft of which becomes narrower 
and narrower, a closed cylindrical tube 
(Fig. 137 mr). This tube is of the utmost 
Importance; it is the beginning of the 
central nervous system, the brain and 
spinal marrow, the medullary tube. This 
embryonic fact was formerly looked upon 
as very mysterious. We shall see pre- 
Kntly that in the light of the theory of 


the outer germinal layer, and is sur- 
rounded by the middle parts of the pro- 
vertebrce and forced inwards (Fig. 146). 
The remaining portion of the slun-sense 
layer (Fig. 93 a) is now called the hoim 
plate or horn-layer, because from it is 
developed the whole of the outer skin or 
epidermis, with all its homy appendages 
(nails, hair, etc.). 

A totally different organ, the prorenal 
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(primitive kidney) duct ( *tng), is found to 
be developed at an early sta^ from the 
ectoderm. This is originally a quite 
rimple, tube-shap^, lengthy duct, or 
straight canal, which runs from front to 
rear at each side of the provertebrae (on 
the outer side. Fig. 93 uu^. It origi- 


the first trace of it does not come from the 
skin-sense layer, but the skin-fibre layer. 

The inner germinal layer, or the gut- 
fibre layer (Fig 93 dd\ remains un- 
changed during these pnx:esses. K little 
later, however, it shows a quite flat, 
gruovc-like depression in the middle line 



nates, it seems, out of the hom-platc at of the embryonic shield, directly under 
the side of the medullary tube, in the gap ' the chorda, 'niib depression is called the 
that we find between the provertebral and gastric groove or furrow. This at once 
the^ lateral plates. The prorcnal duct is ; indicates the future lot of this germinal 
visible in this gap even at the time of the j layer. As this ventral groove gradually 
severance of the medullary tube from the j deepens, and its lower edges bend towards 
born-plate. Other observers think that ■ each other, it is formed into a closed tube. 
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the ahmenlary canal, in the same way as 
the medullary groove grows into the 
medullary tube. The gut-fibre layer 
(Fig. 137/), which lies on the {^ut-gland 
layer f a), naturally follows it in its 
folding. Moreover, the incipient gut-wall 
consists from the first of two layers, 
internally the gut-gland layer and exter- 
nally the gut-fibre layer. 

The formation of the alimentary canal 
resembles that of the medullary tube to 
this extent — in both cases a straight 
groove or furrow arises first of all in the 
middle line of a flat layer. The edges of 
this furrow then bend towards each other, 
and join to form a tube (Pig. 137) But 
the two processes are re,illj %erydiflercnt 
Tlic mcdull.iry tube closes in* its whole 
length, and forms a cylindrical tube, 
whereas the alimentary canal remains 
opicn in the middle, and its cavity con- 
tinues for a long time in connection with 
the cavity of the embryonic vesicle The 
open connection between the tw'o cavities 
is only closed at a very late stage, by the 
construction of the navel. The closing of 
the medullan' tube is effected from both 
sides, the edges of the groove joining 
together from right and left But the 
closing of the alimentary canal is not only 
eflectc'd from right and left, but also from 
front and rc.ir, the edges of the ventral 
grtxjve growing together from every side ■ 
towards the nav cl Throughout the three | 
higher classes of vertebrates the whole of 1 
this process of the construction of the gut 
is closely connected with the formation of 
the navel, or with the separation of the 
emhr^'o from the yelk-snc or umbilical 

In order to get a clear idea of this, we 
must understand c.irefully the relation of 
the cmbrvonic shield to the germmative 
area and the embryonic vesicle. This is 
done best by a comparison of the five 
stages which are shown in longitudinal 
section in Figs. 138-142. The embryonic 
shield (c), which at first projects very 
slightly over the surf.ice of the germina- 
tive area, soon begins to rise higher 
above it, and to separate from the 
cmbiyonic vesicle. At this point the 
embryonic shield, looked at from the 
dorsal surface, shows still the original 
simple sandal-shape (Figs. 133-135). We 
do not yet see any trace of articulation 
into head, neck, trunk, etc., or limbs. 
But the embryonic shield has increased 
greatly in thickness, especially in the 
anterior part. It now has tbo appearance 


of a thick, oval swelling, strongly curved 
over the surface of the germinative area. 
It begins to sever completely from the 
embryonic vesicle, with which it is con- 
nect^ at the ventral surface As this 
severance proceeds, the back bends more 
and more ; in proportion as the embryo 
grows the embryonic vesicle decreases, 
and at last it merely hangs as a small 
vesicle from the belly of the embryo (Fig. 
142 dt). In consequence of the growth- 
movements which cause this severance, a 
groove-shaped depression is formed at the 
surface of the vesicle, the hmtttng furrow, 
which surrounds the vesicle in the shape 
of a pit, and a circular mound or dam 
(Fig. 1391(2) is formed at the outside of 
this pit bv the elevation of the contiguous 
parts of the germinal vesicle 

In order to understand clearly this 
important process, we may compare the 
embryo to a fortress with its surrounding 



rampart and trench. The ditch consists 
of the outer part of the germmative area, 
and comes to an end at the point where 
the area passes into the vesicle. The 
important fold of the middle germinal 
layer that brings about the formation of 
the body-cav ity spreads beyond the borders 
of the e’mbry'o over the w'hole germinative 
area. At first this middle layer reaches 
as far as the germinative area , the whole 
of the rest of the embry onic vesicle consists 
in the beginning only" of the two original 
limiting layers, the outer and inner ger- 
minal layers. Hence, as far as the ger- 
minative area extends the germinal layer 
splits into the two plates we have already 
recognised in it, the outer skin-fibre layer 
and the inner gut-fibre layer. These two 
plates diveige consideraSly, a clear fluid 
rathering between them (Fig 140 oib ). 
The inner plate, the gut-fibre layer, 
remains on the inner layer of the embnr- 
onic vesicle (on the gut-gland layer). The 
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outer plate, the skin-fibre lay^, lies close the original embryonic vesicle, start 
on the outer layer of the germinative area, from the open belly of the embryo (Fig 
or the skin-sense layer, and separates M). In more advanced emt^os, ir 
together with this from the embryonic which the gastric wall and the ventra 
vesicle. From these two united outer wall are nearly closed, it hangs out of the 
plates is formed a continuous membrane^ navel-opening in the shape of a smaf 
This is the circular mound that rises vesicle with a stalk (Figs. 141, 143 ds), 
higher and higher round the whole The more the embry’o grows, the smallei 
embryo, and at last joins above it (Figs, becomes the vitelline (yelk) sac. At first 
139-142 <im). To return to our iilustra- the embryo looks like a small appendage 
tion of the fortress, we must imagine the of the large embryonic vesicle. After- 
circular rampart to be extraordinarily wards it is the yelk-sac, or the remaindei 
high and towering far above the fortress, of the embryonic vesicle, that seems a 
Its edges bend over like the combs of an small pouch-like appendage of the embryo 
overhanging wall of rock that would (Fig. 142 dt). It ceases to have an> 
enclose the fortress ; they form a deep significance in the end. The very wide 
hollow, and at last join together above, owning, through which the gastric cavity 



In the end the fortress lies entirely within at first communicates with the umbilical 
the hollow that has been formed by the vesicle, becomes narrower and narrower, 
growth of the edges of this large ramp^. and at last disappears altogether. The 
As the two outer layers of the germina- navel, the small pit-like depression tliat 
tive area thus rise in a fold about the we find in the developed man in the middle 
embryo, and join above it, they come at of the abdominal wall, is the spot at which 
last to form a spacious sac-like membrane the remainder of the embryonic vesicle (the 
about it. This envelope takes the nam^ umbilical vesicle) origiiwly entered into 
of the germinative membrane, or water- the ventral cavity, and joined on to the 
membrane, or aiMaiim (Fig. 143 sm). The growing gut. 

embryo floats in a watery fluid, which The origin of the navel coincides with 
fills Oie space between the emb^o and the complete closing of the external ventral 
the amnion, and is called the amniotic wall. In the amniotes the ventral wall 
fluid (Figs. 141, oA). We will deal originates in the same way as the dorsal 
with uiis remarkable formation and with wall. Both are formed substantially from 
the allantois later on (Qiapter XV.). In the skin-fibre layer, and externally covered 
front of the allantois the yelk-sac or with the horn-plate, the border section of 
Umtnlical vesicle (dfj, the remainder of the skin-sense layer. Both cpme into 
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existence by the conversion of the four 
flat K^niinal layers of the embryonic 
shield into a double tube by folding; from 
opposite directions ; above, at the b.tck. 
we have the vertebr^ canal which encloses 


the closinj; in the middle of the dorsal 
Willi take place in the s.ime w.w as the 
medulLsry tube, which is lienceforlh en- 
closed by the vertebral tube. Thus is 
formed the dorsal wall, and the medull.iry 
tube takes up a position 
inside the Ixxly. In tlie 
same w.iy the provertebral 
mass fp-ows afterwards 
round the chorda, and 
forms the vertebral column. 
Below this the inner and 
outer edtfe of the prover- 
tebral pl.itc splits on each 
side into two horizontal 
pl.'ites, of which the upper 
puslics between the chorda 
and medulUiry tube, and 
the lower Ivtwcen the 
chorda .and ff.asiric tube 
s meet from botli sides .ibine 
, , •’ the chorda, they completeh 

contains the alimentary canal (Fi)' 1)7) I enclose it, and so form the tubul.ar. 
We will consider the formation of the I outer chord-sheath, the sheath from 
dors,il wall first, 

.and that of the 
\entral w.ill .ifter- 
w.irds (Figs 



the mcdullaia- tub^, .and below, at tha 1 .\s the plate< 
belly, the wall of the body-cavity which and below t 





1 

dorsal surface of 
the embrjo there 
IS originalh, as 
we alre.id} know, 
the medullary 
( mr) tube directly 
underneath the 
horn - plate (h ), 
from the middle 
part of which it 
has been devel- 
oped. Later, how- 
ever, the prover- 
tebral plates uw) 
grow over from 
the right and left 
between these 
originally con- 



I45» ^ i nc Of diot^ Mh chonU^ahesth. hk 

upper and inner nervM. «mmoUc fold. > body-cavity or ccelonuu df irut-flbre la] 

nf twn pnfnitfve aortoo. oa oecotMUry aurU, vc canfinal veinm d-^dd jEut-ffUnd 

ouges 01 ine IWO groove. In Fw 143 the Ur^er part o* the right half, m Kg 144 the 

provertebral plates part of th« left half* ^ the accUon M omiltoL Of the ydknac or remoiiMk'f 
push between the ™*ry«>nic vcMde only « mmII pwe of the w«U » mdicstat bdow 
horn-plate and 

medullary tube, force them away from 
each other, and Anally join between 
them in a seam that corresponds to 
the middle line of the back. The coales- 
cence of these two dorsal plates and 


^ of the third. Fig 145 cif the fourth, and Fig 146 of the fifth da\ ol 
M3'>45 ftom Awtker, magnified abtHit 100 timcK. hig 146 from 
ytifiai ahml tventv timen. A horn-plate, mr meduUar> tube, wwg prorenal 


AemaJk, magnifiUl about tventv timen. 
duct, ara prorcnol vc m dcM, kd akin-fibre 
W-.I -1-*- i rudiment of 




which the vertebral column is formed 
{pertchorda. Fig. 137 C, s; Figs. 145 irwk, 

-It. find in the construction of the 
ventral wall precisely the same processes 


DORSAL BODY AND VENTRAL BODY 



parietal zone. The right and left 
p.irietal plates bend downwards 
towards each other, and grow round 
the gut in the same W'ay as the gut 
itself closes. The outer jvirt of the 
lateral plates forms the \entral wall « 
or the lower wall of the bod), the two 
lateral plates bending considerabU 
on the inner side of the aniniotic fold, 
and growing tow .irds each other 
from right and left. While the ah- f 
mentary canal is closing, the body- 
wall also closes on all sides. Hence 
the \cntnil wall, which encloses the 
whole ventral cavity below, consists .. 
of two parts, two lateral plates that *' 
bend towards each other. These 
approach e.ich other all along, and 
at last meet at the navel. We ought, 
therefore, really to distinguish two 
navels, an inner and an outer one. 

The internal or intestinal navel is the 
definitive point of the closing of the 
gut wall, which puts an end to the 
open communication between the 
ventral cavity and the cavity of the 




138 


DORSAL BODY AND VENTRAL BODY 


With the formation of the internal As a result of these processes the 
navel and the closing of the alimentary embiyo attains a shape that may be corn- 
canal is connected the formation of two parecl to a wooden shoe, or, better still, to 
cavities, which we call the capital and the an overturned canoe. Imagine a canoe 
pelvic sections of the visceral cavity. As or boat with both ends rounded and 
the embryonic shield lies flat on the wall a small covering before and behind ; if 
of the embryonic vesicle at first, and only this canoe is turned upside down, .so that 
fi^dually separates from it, its fore and the curved keel is uppermost, we have a 
hind ends are independent in the begin- fair [ficture of the canoe-sliapej embryo 
ning ; on the other Wnd, the middle part (Fig 147). The upturned convex keel 
of the ventral surface is connected with ; corresponds to the middle line of the 
the ;^elk-sac by means of the vitelline or ' hick ; the small chamber underneath the 
umbilical duct (Pig. 147 m). This loads fore-deck represents the capital cavity, 
to a notable curving of the dorsal surface , and the small chamber under the rear- 
the head-end bends downwards towards : deck the pelvic chamber of the gut (cf. 
the breast and the tail-end towards the Fig. 140). 



belly. We see this very clearly in the j The embryo now, as it were, presses 
excellent old diagrammatic illustration into the outer surface of the embryonic 
given by Baer (Fig. 147}, a median longi- vesicle with its- free cnds,_ while it 
tudinal section of the embryo of the chick, ' moves away from it with its middle part, 
in which the dorsal body or episoma is ' As a result of this change the yclk- 
deeply shaded. The embryo seems to be I sac becomes henceforth only a pouch- 
tryii^ to roll up, like a hedgehog protect- like outer appendage at the middle of 
ing Itself from its pursuers. This pro- the ventral wall. The ventral appen- 
nounced curve of the back is due to the dage, growing smaller and smaller, is 
more rapid growth of the convex dorsal afterwards called the umbilical (navel) 
surface, and is directly connected with vesicle. The cavity of the yelk-sac or 
the severance of the embryo from the umbilical vesicle communicates with the 
yelk-sac. The further bending of the rorresponding visceral cavity by a wide 
embryo leads to the formation of the opening, which gradually contracts into 
“he^-cavity” of the gut (Fig. 148, above a narrow and long canal, the vitelline 
D) and a similar one at the tail, known (yelk) duct (' ductus xtiellinus. Fig. 147 m J. 
as its "pelvic cavity." Hence, if we were to imagine ourselves ui 
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the cavity of the yelk-sac, we could 
from it through the yelk-duct into the 
middle and still wide open part of the 
alimenta^ canal. If we were to go 
forward mnn there into the head-part of 
the embryo, we should reach the capital 
cavity of the gut, the fore-end of which is 
closed up. 

The reader will ask: “Where arc 
the mouth and the anus ? ” These are 
not at first present in the embryo 
The whole of tlie primitive gut-cavity 
is completely cIosm, and is merely 
connectM in the middle by the vitelline 
duct with the equally closed cavity 
of the embryonic vesicle (Fig. 140). 
The two later apertures of the alimen- 
tary canal — the anus and the mouth — 
are secondary constructions, formed 
from the outer skin. In the hom-plate, 
at the spot where the mouth is found 
subsequently, a pit-likc depression is 
formed, and this grows deeper and 
deeper, pushing towards the blind fore- 
end of the capital cavity ; this is the 
mouth-pit. In the same way, at the 
spot in the outer skin where the anus 
is afterwards situated a pit -shaped 
depression appears, grow’s deeper md 
deeper, and approaches the blind 
hind-end of the pelvic cavity, this is 
the anus-pit. In the end these pits 
touch with their deepest and innermost 
points the two blind ends of the primi- 
tive alimentary canal, so that they arc 
now only separated fVom them by thin 
membranous partitions. This membrane 
finally disappears, and henceforth the I 
alimentary canal opens in front at the 
mouth and in the rear by the anus 
(Figs 141, 147). Hence at first, if we 
penetrate into these pits from without, we 
find a partition cutting them off from the | 
cavity of the alimentary canal, which 1 
gradually disappears. The formation of ' 
mouth and anus is secondary in all the ' 
vertebrates. ■ 

During the important processes which 
lead to the formation of the navel, and of 
the intestinal wall and ventral wail, we 
find a number of other interesting 
changes taking pl.acc in the embryonic 
shield of the amniotes. These relate 
chiefly to the prorcnal ducts and the 
first blood-vessels. The prorenal (primi- 
tive kidney) ducts, which at first lie 
quite flat under the horn-plate or 
epiderm (Fig. 03 wg), soon back 
towards each other in consMuence of 
special growth movements (Figs. 143- 


145 UH^. They dep^ more and more 
from their point of origin, and approach 
the gut-^land layer. In the end they 
lie deep in the interior, on either side 
of the mesentery, underneath the chorda 
(Fig. 145 **i*jf)- At the same time, 
the two primitive aortas chan^ their 
position (cf. Figs. 138-145 no); they 
travel inwards underneath the chorda, 
and there coalesce at last to form a single 
secondary aorta, which is found under 



the rudimenlary vertebral column (Fig. 
145 ao). The cardinal veins, the first 
venous blood-vessels, also back towards 
each other, and eventually unite imme- 
diately above the rudimentary kidneys 
(Figs. 145 VC, 153 cav). In the same spot, 
at the inner side of the fore-kidneys, we 
soon see the first trace of the sexual 
organs. Tlie most important part of this 
apparatus (apart from all its appendages) 
is the ovary m the female and me testicle 







Chapter XIV. 

THE ARTICULATION OF THE BODY* 


The vertebrate stem, to which our race i of the animal kingfdom. This pri\ilege 
betongs as one of the latest and most must be accorded to it, not only because 
advanced outcomes of the natural deselop- man does in point of fact soar far above 
ment of life, is rightly placed at the head I all other animals, and has been lifted to 

> Ttkaterm **ftrttcuUt»on” t»uMd in Um chapter to devote both ** ■egmentaboo ** and ** articulabon ** latba 
OfdHwry Beaae.~TKAli|. 
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the position of “ lord of creation but | 
also W:au9e the vertebrate organism far 
surpasses all the other animol^tems in i 
sute, in complexity of structure, and in the 
advanced character of its functions. From 
the point of view of both anatomy and I 
phy»ok^, the verteluate stem outstrips 
all the oUier, or invertebrate, animals. 

There is only one among the twelve 
stems of the animal kingdom that can in 
many respects be compared with tlie 
vertebrates, and reaches an equal, if not 
a greater, importance in many points. 
This is the stem of the articulates, com- 
posed of three classes : i, the annelids 
(earth-worms, leeches, and cognateforms); 
2, the Crustacea (crabs, etc.) ; 3, the 
tracheata (spiders, insects, etc.). The stem 
of the articulates is superior not only to the 
vertebrates, but to all other animal-stems, 
in variety of forms, number of species, 
elaborateness of individuals, and general 
importance in the economy of nature. 

When we have thus declared the verte- 
brates and the articulates to be the most 
important and most advanced of the 
twelve stems of the animal kingdom, the 
(question arises whether this special posi- 
tion is accorded to them on the ground 
of a peculiarity of organisation tliat is 
common to the two. The answ-er is 
that this is really the case ; it is their 
s^pnental or transverse articulation, 
which we may bnefly call vtelamerum. 
In all the vertebrates and articulates the 
developed individual consists of a series 
of successive members (segments or meta- 
mera= “parts”) ; in the embiyo tliese 
are called primitive segments or somites. 
In each or these s^ments we have a 
certain g^up of organs reproduced in 
the same arrangement, so that we may 
regard each segment as an individual 
unity, or a special “ individual” sub- 
ordinated to the entire personality. 

The similarity of their segmentation, 
and the consequent physiological advance 
in the two stems of iW vertebrates and 
articulates, has led to the assumption of a 
direct affinity between them, and an 
attempt to derive the former directly from 
the latter. The annelids were supposed 
to be the direct ancestors, not only of the 
Crustacea and tracheata, but also of 
the vertebrates. We shall see later 
(Chapter XX.) that this annelid theoiy of 
the vertebrates is entirely wrong, and 
ignores the most important diflerences in | 
the organisation of the two stems. The 
internal artkulatkm oS the vertebrates is 


just as profoundly different from the 
external metamerism of the articulates 
as are their skeletal structure, nervous 
system, vascular system, and so on. The 
articulation has been developed in a totally 
different way in the two stems. The un- 
articulated chordula (Figs. 83-86), whi^ 
we have recogpiised as one of the chief 
palingenetic embryonic forms of the ver- 
tebrate gpoup, and from which we have 
inferred the existence of a corresponding 
ancestral form for all the vertebrates and 
tunicates, is quite unthinkable os the 
stem-form of the articulates. 

.411 articulated animals came originally 
from unarticulated ones. This phjlo- 
gcnctic principle is as firmly established 
as the ontogenetic fact that eveiy articu- 
lated animal-form developes from an 
unarticulated embryo. But the organisa- 
tion of the emb^ is totally different in 
the two stems. The chordula-cmbryo of 
all the vertebrates is characterised by the 
dorsal medullary tube, the neurenteric 
canal, which p.asscs at the primitive 
mouth into the alimentary canal, and the 
axial chorda between the two. None of 
the articulates, cither annelids or arthro- 
pods (Crustacea and tracheata), show any 
trace of this tvpc of organisation. More- 
over, the development of the chief systems 
of organs proems in the opposite way in 
the two stems. Hence the segment.i- 
tion must ^ve arisen independently in 
each. This is not at all surprising ; 
we find anali^ous cases in the stalk- 
articulation of the higher plants and in 
several groups of other animal stems. 

The crararteristic internal articulation 
of the vertebrates and its importance in 
the organisation of the stem are best 
seen in the study of the skeleton. Its 
chief and central part, the cartilaginous 
or bony vertebral column, affoids an 
obvious instance of vertebrate meta- 
merism ; it consists of a scries of cartila- 
ginous or bony pieces, w hich have long 
been known as vettebne (or spondyh). 
Each vertebra is directly connected with 
a special section of the muscular system, 
the nervous system, the vascular system, 
etc. Thus most of the "animal organs ” 
take part in this vertebration. But we 
saw, when we were considering our own 
vertebrate character (in Chapter XI.), 
that the same internal articulation is also 
found in the lowest primitive vertebrates, 
the acrsuiia, although here the whole 
skeleton consists merely of file simple 
chorda, and is not at all artkulatM. 
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It is, therefore, wron;; to describe the 
first rudimentary se^ents in the verte- 
brate embryo as primitive vertebrae or 
P^avetUhrm : the fact that they have 


Articulation begins in all vertebrates at 
a very early embryonic stage, and this 
indicates the considerable phylogenetic 
,..o lati mat tney nave | age of the process. When the chordula 
been so called for some time has led (Figs. 83^16) has completed its chatac- 
w much error and misunderstanding. | teristic composition, often even a little 
Hence we shall give the name of earlier, we bnd in the amniotcs, in the 
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middle of the sole-shaped embryonic 
shield, several ^irs of dark square spots, 
symmetrically distributed on both sides of 
the chorda (Figs. 131-135). Transverse 
sections (Fig, 93 uw) mow that they 



, briskly from front to rear, new 

transverse constrictions of the “ proto- 
vertebral plates” forming continuously 
and successively. The tirst segment, 
which is almost half-waj down in the 
embiy'onic shield of the amniotc, is the 
foremost of all ; from this tirst somite is 
I lormed the first ccr\ ical vertebra w’ith its 
I muscles and skeletal parts. It follows 
from this, firstly, that the multiplic.ition 
I of the primitive segments proceeds back- 
i wards from the front, with a const, mt 
lengthening of the hinder end of the 
• body, and, secondly, that at the bcgin- 
J ning of segmentation ne.uly the whole 
i of the anterior h.ilf of the sole-shaped 
I embryonic shield of the amniote belongs 
j to the Liter head, while the whole of the 
; rest of the Ixxl) is formed from its hinder 
' half We are reminded that m the 
] amphioxus (.ind in our lijpothctic primi- 
tixe vertebrate. Figs 98- toa) ne.irh the 
[ w'holc of the fore h,ilf corresponds io the 
' h2ad, and the hmd half to the trunk 

The number of the metamer.i, ,ind of 
the cmbrvonic ^imites or primiliie 
segments from which the) develop, \ tries 

, considcr.ibl) in the vertetmites, aitording 

f®*'” ‘i' ilw hind part of tJie bod) i.s short or is 

e lengthened by a tail In the developed 

man the trunk (including the rudiment.ir) 
tail) consists of thir^-threc met.imer.i, the 
belong to the stem-zone (episoma) of the solid centre of which is formed by tluit 
mesoderm, and are separates! from the numherofvertebra: in thcxertebral column 
parietal zone (h)posoma) by the lateral (seven cervical, twelve dorsal, fixe lumh.ir, 
folds , in section they are still 
quadrangular, almost square, so 
trat they look something like dice. 

These ^rs of “cubes” of the 
mesoderm are the first traces of the 
primitiv e segments or somites, the 
so-called “protovertebras” (Figs. 

»-). 


i^-Kmbijyo of^UM^miMoxus^sIxUim 


Among the mammals the t. _ 
brj'os of the marsupials have three 
pairs of somites (Fig. 131) after 
»xty hours, and eight pairs after 
seventy-t ’ — 

develop r 

of the rabbit ; 

somites on the eighth day (Fig 
132), and eight somites a day later 
(Kig 134). In the incubated hen’s 
fgg the first somites make their 
appearance thirty hours after in- 
cubation begins (Fig. 153). At the end 
of the second day the number has risen 
to sixteen or eighteen (Fig. 155). The 
articulation of the stem-zone, to which 
die aomitee owe their origin, thus 



Thus the total numbo 

of the primitive segmenUof the humai 


tube, neurvporus, dv Imt pou^ of the gut, ch chonla, nff mesodcnnic >m p<^ cells of the meaodenn 

f mt), € ectoderm. 

In order to understand properly thereat new transverse folds (Fip. 157). The 
nature and oritfin of articulation in the foremost of these primitive segments 
human body and that of the hightp- (nr i) is the first and oldest ; in Figs. 124 
vertebrates, it is necessary to compare it and 157 there are already five formed, 
with that of the lower vertebrates, and They separate so rapidly, one behind tlw 
l^r in mind always the genetic coonec- other, that eight pairs are formed within 
tion of all the members of the stem. In twenty-four hours of the be^nning of 
this the simple development of the invalu- development, and seventeen pairs twenty- 
able amphioxus once more furnishes the four hours later. The number increases 
key to the complex and cenogenetically as the embryo grows and extends 
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backwards, and new cells are formed con- 
stantl3r (at the primitive mouth) from the 
two primitive mesodermic cells (Figs. 159- 
16^ 

■ras typical articulation of the two 
ccelom-sacs begins very early in the lance- 
let, tefore they are yet severed from the 
primitive gut, so that at first each 
s^ment-cavity (us) still communicates ' 
by a narrow opening with the gut, like 
an intestinal gland. But this opening | 
soon closes by complete severance, pro- | 
ceeding regularly backwards. The closed ' 


uppennost section, to the pronephridia < 
primitive-kidney canals, and from tl 
lower to the segmental rudiments of tl 
sexual glands or gonads. The partitioi 
of the muscular dorsal pieces ( myotomei 
remain, and determine the permanei 
articulation of the vertebrate organisn 
But the partitions of the large ventn 
pieces (gonotomes ) become thinner, ar 
.ifierwards disappear in part, so that the 
ca\ hies run together to form the metacoe 
or the simple permanent body-cavity. 

The articulation proceeds in sul 



s^ments then extend more, so that I 
their upper half grows upwards like , 
a fold between the ectoderm ( ok) and ' 
neural tube (n), and the lower half 
between the eaoderm and alimentary 
canal {ch. Fig. 8a d, left half of the 
figure). Afierwards the two halves com- 
pletely separate, a lateral longitudinal 
fold cutting between them (mk, right half 
of Fig. 82). The dorsal segments f sdj t 
provide the muscles of the trunk the whole 
length of the body (159) : this cavity after- 
wards disappears. On the other hand, 
the ventral parts give rise, from their 


stantially the same way in the oth 
vertebrates, the craniota, starting fro 
the coelom-pouches. But whereas in tl 
former case there is first a transver 
ditision of the coelom-sacs (bv vertic 
folds) and then the dorsd-ventral divisio 
the procedure is reversed in the craniot 
in their case each of the long ccelor 
pouches first divides into a dorsal (prinr 
live segment plates) and a ventral (later 
plates) section by a lateral longitudin 
fold. Only the former are then broken 1 
into primitive segments by the subaeque 
verti^ folds; while the latter (segment 


THE ARTICULATION OF THE BODY 


« 4 ? 


for a time ia the amphioxus) remain 
undivided, and, by the divergence of their 
parietal and vi!>ceral plates, form a body- 
cavity that is unified from the first. In 
this case, again, it is clear that we niust 
regard the features of the younger craniota 
as cenogenetically modified processes that 
can be traced palmgenetically to the older 
acrania. 

We have an interesting intermediate 
stage between the acrania and the fishes 
in these_ and many other respects in the 
cyclostoiha (the hag and the lamprey, cf 
Chapter XXI.) 

Among the fishes the selacHii, or firimi- 
tive fishes, yield the most important infor- | 
■nation on these and many other phylo ; 
genetic questions (Figs. lOi, 162). The j 
careful studies of Ruckert, Van Wijhe, j 
H E. Ziegler, and others, have given us | 
moat valuable results. The products of ! 



pi^itivc iurfcm«»iU chorUn, au pruiuti^ c segraentB, 


the middle germinal layer are partly clear 
in these cases at the period when the 
dorsal primitive segment cavities (or 
myocccls, k) are still connected with the 
ventral body-cavity (Ih; Fig. 161). In 
Fig 162, a somewhat older embryo, these 
cavities are separated. The outer or 
lateral wall of the dorsal segment yields 
the cutis-platc ( cp), the foundation of the 
connective conum. From its inner or 
median wall are developed the muscle- 
plate (mp, the rudiment of the trunk- 
muscles) and the skeletal plate, the forma- 
tive matter of the vertebral column (sk). 

In the amphibia, also, especially the 
water - salamander (Trtton), we can 
observe very clearly the articulation of 
the coelom-pouches and the rise of the 
primitive segments from their dorsal half 
(cf. Fig. A, B, C). A horizontal 
longitudinal section of the salamander- 
emuyo (Fig. 163) shows very clearly the 


series of pairs of these vesicular dorsal 
segments, which have been cut off on 
each side from the ventral side-plates, and 
lie to the right and left of the chorda. 

The metamerism of the amniotes agrees 
in all essential points with that of the 


Ftt. 164. Fig 16s. 

Fw. 164.— Tba third cervical vertebra (human). 

Fm. 165.—!^ sixth dorsal vertebra (human). 

three lower classes of vertebrates we have 
considered ; but it varies considerably in 
detail, in consequence of cenogenetic 
disturbances that are due in the first place 
(like the degeneration of the ccelom- 
pouches) to the larg^ development of the 
food-yelk. As the pressure of this seems 
to force the two middle layers together 
from the start, and as the solid structure 
of the mesoderm apparently belies the 
original hollow character of the sacs, the 
two sections of the mesoderm, which are 
at that time di\ ided by the lateral fold — 
the dorsal segment-plates and v entral side- 
plates — have the appearance at first of 
solid layers of cells (Figs 92.-97). And 
when the articulation of the somites 
begins in the sole-shaped embryonic 
shield, and a couple of protovertebrae are 
developed m succession, constantly in- 
creasing in number towards the rear. 



Fra. i6£.— The saeond lambar vertebra (human). 

these cube-shaped somites (formerly called 
protovertebrae, or primitive vertebrae) have 
the appearance of solid dice, made up of 
mesodermic cells (Fig. 93). Neverae- 
less, there is for a time a ventral cavity, 
or provertebral cavity, even in these solid 
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“ protovertebraB ” (Fif?. 143 wwA). This 
vesicular condition of the provertebra is 
of the greatest phylogenetic interest ; we 
must, according to the ctelom theory, 
regard it as an hereditai^ reproduction 
of the hollow dorsal somites of the am- 
phioxus (Figs. 156-160) and the lower 
vertebrates (Figs. 161-163). This rudi- 
mentary provertebial cavity” has no 
I^ysiological significance whatever in the 
amniote-embryo ; it soon disappears, 
oeing filled up with cells of the muscular 
olate. 

The innermost median part of the 


divides into two plates, which grow 
round the chorda, and thus form the 
foundation of the body of the vertebra 
C wk ). The upper plate presses between 
the chorda and the medullary tube, the 
lower between the chorda and the 
alimenta^ canal (Fig 137 C). As the 
plates of two opposite provertebral 
pieces unite from the right and left, a 
circular sheath is formed round this part 
of the chorda. From this developes the 
body of a vertebra — that is to say, the 
inassne lower or \entr.il half of the bony 
ring, wiiieh is called the “tertebra'’ 



primitUe segment plates, which lies 
immediately on the chorda (Fig. 145 ch) 
and the medullary tube (m), forms the 
vertebral column in all the higher verte- 
brates (it is wanting in the lowest) ; hence 
it may be called the skeleton plate. In | 
each of the provertebrae it is called the | 
" sclerotome” (in opposition to the out- 
lying muscular plate, the “myotome”). 
From the phylogenetic point of view the 
myotomes are much older than the 
sclerotomes. The lower or ventral part 
of each sclerotome (the inner and lower j 
edge of the cube-shaped provertebra) 


proper and surrounds the medullary tube 
(Figs. 164-1O6) The upper or dorsal 
half of this bony ring, the vertebral arch 
(Fig. 14S wli), arises 111 just the same way 
from the upper part of the skeletal plate, 
and therefore from the inner and upper 
edge of the cube-shaped primitive verte- 
bra,_ As the upper edges of two opposing 
somites grow together over the medullary 
tube from right and left, the vertebral 
arch becomes closed. 

The whole of the secondary vertebra, 
which is thus formed from the union of the 
skeletal plates of two provertidxal pieces 
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and encloses a part of the chorda in its 
body, consists at first of a rather soft 
mass of cells ; this afterwards passes into 
a firmer, cartilagfinous staf^e, and finally 
into a third, permanent, ^ny stage. 
These three stages can (Generally be dis- 
tin^ruished in the g-reater part of the 
skeleton of the hi^er vertebrates ; at 
first most parts of the skeleton are soft, 
tender, and membranous, they then 
become cartilaginous in the course of 
their development, and finally bony. 

At the head part of the embryo in the 
amniotes there is not generally a cleavage 
of the middle germinal layer into pro- 
vertebral and lateral plates, but the dorsal 
«jnd ventral somites arc blended from the 
first, and form wh.it .ire called the “ head- 
pl.ites” (Fig 14S k). From these are 



formed the skull, the bony case of the 
brain, and the muscles and conum of the 
hod) The skull dcvclopcs in the same 
way as the membranous vertebral column 
The right and left halves of the head 
curve over the cerebral vesicle, enclose 
the foremost part of the chorda beloiv, 
and thus finally form a simple, soft, 
membranous capsule about the brain. 
Tins is afterwards converted mto a cartila- 
ginous primitive skull, such as we find 
permanently ip many of the fishes. Much 
later this cartilaginous skull becomes the 
permanent bony skull with its various 
parts. The bony skull in man and all the 
other amniotes is more highly difleren- 
tiated and modified than that of the lower 
vertebrates, the amphibia and fishes. 
But as the one has arisen phylogene- 
tically from the other, we must assume 
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that in the former no less than the latter 
the skull was originadly formed from the 
sclerotomes of a number of (at least nine) 
head-somites. 

While the articulation of the vertebrate 
body is always obvious in the episoma 
or dorsal body, and is clearly expressed 
in the segmentation of the muscular 
plates and vertebrae, it is more latent in 
the hyposoma or ventral body. Neverthe- 
less, "the hvposomites of the vegetal half 
of the body are not less important than 
the episomites of the animal half. The 
segmentation m the ventral cavity affects 
the following principal systems of organs ; 

1, the gonads or sex-gl^ds (gonotomes), 

2, the nephridi.a or kidneys (nephro- 



tomes); and 3, the head-gut with its 
gill-clefts (branchiotomes). 

The metamerism of the hvposoma is 
less _ conspicuous because in all the 
craniotes the cavities of the ventral seg- 
ments, in the walls of which the sexual 
products are developed, have long since 
coalesced, and formed a single large body- 
cavity, owii^ to the disappearance of the 
partition. 'ITus ccnogenetic process is so 
old that the cavity seems to be unseg- 
mented from the first in all the craniotes, 
and the rudiment of the gonads also is 
almost always unsegmented. It is the 
more interesting to learn that, according 
to the important discove^ of Ruckert, 
this sexual structure is at first segmental 
even in the actual selachii, and the several 
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gonotomes only blend into a simple sexual I cavities, formed from the h^posomitcs 
gland on either side secondarily. | of the trunk. 

Amphioxus, the sole surviving rcpre- ^ The gonads are tlie most inipurlant 
sentative of the acrania, once more yields . segmental organs of the hyposonia, in the 
us most interesting information ; in this sense that they are phylogenetlcally the 
case the sexual glands remain segmented ^ oldest. We find sexual glands (as pouch- 



throughout life. The sexually mature like appendages of the gastro- canal 
lancelet has, on the right and left of the system) in most of the lower animals, 
gut, a senes of metamerous sacs, which even in the medusa:, etc., which liave no 
are filled with ova in the female and kidneys. The latter appear first (as a 
sperm in the male. These segmental pair of excretory tubes) in the platodes 
gonads are originally nothing em than (turbellaria), and have probably been 
the real gonotomes, separate body- inherited from these by the articulates 
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(annelids) on the one hand and the 
unarticulated prochordonia on the other, 
and from these passed to the articulated 
vertebrates. The oldest form of the 
kidney system in this stem are the seg- 
mental pronephridia or prorenal canals, 
m the same arrangement as Boveri found 
them in the amphioxus. They are small 
canals that lie in the frontal plane, on 
each side of the chorda, between the 
episoma and hyposoma (Fig 102 «) , their 
internal funnel-shaped opening leads into 
the vanous body-cavities, their outer 
opening is the lateral furrow of the 
epidermis. Originally they must have 
had a double function, the carrying away 
of the urine from the episomites and the 
release of the sexual cells from the hypo- 
somites. 

The recent investigations of Ruckert 
and Van Wijhe on the mesodermic seg- 
ments of the trunk and the excretory 
sjstom of the selachii show that these 
“primitive fishes ” are closely related to 
the amphioxus in this further respect 
The transverse section of the shark-embryo 
in Fig. 161 shows this very clearly. 

In other higher vertebrates, also, the 
kidneys develop (though very differently 
formed later on) from similar structures, 
which have been secondarily derived from 
the segmental pronephndia of the acrania. 
The parts of the mesoderm at which the 
first traces of them are found are usually 
called the middle or mesenteric plates 
As the first traces of the gonads make 
their appearance in the 
middle plates nearer inward (< 
middle) from the inner funnels of the 
nephro-canals, it is better to count thi- 
part of the mesoderm with the hyixisomt 

The chief and oldest organ of the vertt 
bratc hyposoma, the alimentary canal, is 
generally described as an unsegmented 
organ. But we could just as \ " 
that it is the oldest of all the segmented 
organs of the vertebrate , the double row 
of the coelom-pouches grows out of the 
dorsal wall of the gut, on either side of ^e 
:hurda. In the brief period ' ‘ „ 

these segmental coelom-pouches are still 
openly connected with the gut, they look 
just like a double chain of segmented 
visceral glands. But apart from this, we 
have originally in all vertebrates an 
important articulation of the fore-gut, 
that is wantinir in the lower gut, the 

The gill-clefts, which originafly in the 
older acrania pierced the wall of the fore- 


gut, and the gill-arches that separated 
them, were presumably also segmental, 
and distribute among the various meta- 
mera of the chain, like the gonads in the 
after-^t and the nephridia. In the 
amphioxus, too, they are still segmentally 
formed. Probably there was a division 
of labour of the hyposomites in the older 
(and long extinct) acrania, in such wise 
that those of the for&gut took over the 
function of breathing and those of the 
after-gut that of reproduction The former 
developed into gill-pouches, the latter into 



— Transvepse seoUon of the shooldw 


sex -pouches There may have been 
primitive kidneys in both Though the 
gills have lost their function in the higher 
- ■ parts of them have beer 

generally maintained in the embnro by a 
tenacious heredity. At a very early staro 
we notice >n the embryo of m^ and the 
other amniotes, at each side of the 
head, tlie remarkable and important 
structures which we call the gill-arches 
and gill-clefts (Figs. 167-170/) T^ey 
the characteristic and inalien- 
able organs of the amniote - embryo, 
and are found always in the same 
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spot and with the same arran^ment hig-her vertebrates they afterwards dis- 
and structure. There are formed to the appear. The branchial arches are con- 
right and left in the lateral wall of verted partly into the jaws, partly into 
the fore-^t cavity, in its foremost part, the bones of the _ tongue and the ear. 
first a pair and then several pairs of sac- From the first gill-cleft is formed the 
shaped inlets, that pierce the whole thick- tympanic cavity of the ear. 
ness of the lateral wall of the head They There are few parts of the vertebrate 
are thus converted into clefts, through organism that, like the outer covering or 
which one can penetrate freely from with- integument of the body, arc not subject to 
out into the gullet. The wall thickens metamerism. The outer skin 
betweenthese branchial folds, and changes is unsegmented from the first, and pro- 
into an arch-like or sickle-shaped piece — coeds from the continuous horny plate 
the gill, or gullet-arch In this the Moreover, the underlying cutis is also not 
muscles and skeletal parts of the branchial mctainerous, although it developes from 
the segmental structure of the 
cutis-plates (Figs. i6i, i6a cp'\ 
The vertebrates are strikingly 
and profoundly different trom the 
articulates in these respects also 
Further, most of the verte- 
brates still have a number of un- 
articulatcd org.ins, mIiicIi have 
arisen locallv, bv adapt.it ion of 
ptirticular p,irts of the bodv to 
certain spcii.il lunitions lirthis 
character arc the sense-org.ins in 
the episom.i, and the limbs, the 
heart, the spleen, .ind the l.irge 
V iM-cr.tl glands — lungs, liver, 
namre.is, etc ~m the hvposom.i 
The heart is origm.illy oiilv ,i 
local spindle-shaped enlargement 
of the large ventr.il blood-vessel 
or principal vein, at the point 
where the subintestinal passes 
into the branchial arterv, .it the 
limit of the he.id and ti unk (Figs 
170, 171) The three higher sense- 
organs - nose, eye, .ind ear— were 
originally developed in the s,ime 
form in all the cr.iniotes, as three 
pairs of small depressions in the 
skin at the side of the he.id. 

The org.m of smell, the nose, 
h.is the appearance of a pair 
of small pits above the mouth- 
gut separate ; a blood-vessel arch rises aperture, in front of the head (Fig 
afterwards on their inner side (Fig 98 ihi) 169 n) The organ of sight, the eye, 

The number of the branchial arches and is found at the side of the head, also 
the clefts that alternate with them is four in the shape of a depression (Figs. 169 /, 
or five on each side in the higher vertc- 170 b\ to which corresponds a large oiit- 
brates (Fig. 170 d , In some of growth of the foremost cerebral vesicle 
the fishes (selachii) and in the cyclostoma on each side. Farther behind, at each 
we find six or seven of them permanently, side of the head, there is a third depres- 
These remarkable structures had origi- sion, the first tr.ice of the organ of he.iring 
nally the function of respiratory organs- - (Fig 169 jg). As yet wc c.ui sec nothing 
gills. in_ the fishes the water that serves of the later elaborate structure of these 
lor bre.'ithing, and is taken in at the mouth, organs, nor of the characteristic build of 
still always p^ses out by the branchial the face. 

clefts at the sides of the gullet, in the When the human embryo has reached 
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. stafe of development, it can still | significance. From it we can gather the 
scarcelyoe distinguished fro ‘ ' ast important phylogenetic conclus ' 

any other higher vertebrate. Alt the There is still no trace of the limbs, 

chief parts of the body are now laid Although head and trunk are separated 

n : the head with '' r " ‘ . and all the principal internal organs are 

skull, the rudiments of the three higher laid down, there is no indication whatever 
sense-organs and the five cerebral vesicles, of the “ extremities ” at this stage; they 
and the gill-archcs and clefts , the trunk are formed later on. Here again we 



Fra 174.— Development of the Uxard’t legs ( LmarU agibt), with ipectal rdahon to thar blood.w«Meb. 
/. J. 7 . O. // naht foro 4 cw , 47, left fore-lew. 3. A O, A /o, 73 naht bind-leg , /f, /O left huuMew . AffKIatenl 
vcinaot thetruiA, Ft imbilK^ van (From/'" NacbMtrr) 

with the spinal cord, the rudiment of the a fact of the utmost interest It 

vertebral column, the chain of metamera, > that the older vertebrates had no 

the heart and chief blood-vessels, and the s we find to be the case in the lowest 

kidneys. At this stage man is a higher vertebrates (amphioxus and the 

vertebrate, but shows no essenti.1l morpho- toma). The descendants of these 

logical difference from the emboos of the it footless vertebrates only acquired 

mammals, the birds, the reptiles, etc. nities — two fore-legs and two hind- 

This is an ontogenetic fact of the utmost atamuch later stage of development 




animals, arms and legfs In the apes and is the rudiment of the foot or hand, the 
man. All the.se parts develop from the former that of the Ic;; or arm. The 
same simple original structure, which similarity of the original rudiment of the 
forms secondarily from the trunk-wall limbs in different groups of vertebrates is 
(Figs. 172, 173). They have always the ve^ striking. 

ap p ea r a n ce of two pairs of s m all buds. How the Eve fingers or toes with their 
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If there is an intimate causal connection other vertebrates can only be explained 
between the processes of embryology and when we admit their descent from a 
stem-history, as we must assume in virtue common ancestor. As a fact, this 
of the laws of heredity, several important common descent is now accepted by all 
phylogenetic conclusions follow at once competent scientists , they have sulv 
from these ontogenetic facts The pro- stituted the natural evolution for the 
found and remarkable similarity in the supernatural creation of organisms, 
embryonic development of man and the 


Chapter X\'. 

FCETAL MEMBRANES AND CIRCULATION 


Among the many interesting phenomena the other \i\iparous mammals As a 
tliat we ha\c encountered in the course of fact, all the einbrjonic peculiarities that 
human embryology, there is an especial distinguish the mammals from other 



importance in the fact that the develcm- animals are found also in man ; even the 
ment of the human body follows from the ovum with its distinctive membrane (soiui 
beginning just the same lines as that of pelUuida, Fig. 14) shows the same typical 
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structure in all mammals (apart from t 
older oviparous monotremes). It h 
lon^ since been deduced from the structL 
of the developed man that his natui 
place in the animal kingdom is amoi 
the mammals. Linnd (1735) placed hi 
with the apes, in one and the 
same order fpnmales), in his Syst^ma \ 


inicellulars). Finally, we see that the 
«lls which make up the primary ger- 
ninal layers owe their origin in every 
ase to the repeated cleavage of a single 
imple cell, the stem-cell or fertilised 

It is impossible to lay toe 

on this remarkable agreement in the chief 


Natune This position is fully confirmed embryonic features in man and the other 
by comparative embryology. We see | animals. We shall make use of it later 


that man entirely resembles the higher 
mammals, and most of all the apes, in 
embryonic development as well as in 


anatomic structure. And if we 
understand this ontogenetic 
agreement in the light of the 
biogenetic law, we hnd that it 
proves clearly and necessarily 
the descent of man from a 
series of other mammals, and 


single ancient stem -form can 
no longer be questioned , nor 
can the immediate blood-rela- 
tionship of man and the ape 
The essential agreement in 
the whole bodily fonn id 
inner structure is still \ is in 
the embryo of man and the 
other mammals at the late 


—tile hypothesis of a common descent of 
nan and all the metazoa from the gaslrsea. 


seek to ' The fir«t rudiments of the principal parts 


stage of development at which 
the mammal-body can be recog- 
nised as such. But at a some- 
what c<irlier stage, in which 
the limbs, gilUirches, sense- 
organs, etc , arc alread) out- 
lined, we cannot yet recognise 
the mammal embryos as such, fig i8a 
inguish them from those 

we consider still earlier stages it ^mitivi 
of development , \\ e are unable to •*' 

discover any essential dilTerencc 



an men amg itaaen trom uie womo di a auicuie eignt 
t-iiM <Frum Rnhl.) n naaal pit*, a m, » town- jaw, 
_ » i> ami ttf third and fourth Kill-arch, A heart, 
Vnicnta, forc-lunb (armX (tchiml-Umb (leg), between 


in bodily structure between the embryos of 1 
these higher vertebrates and those of the 
lower, the amphibia and fishes. If, in fine, I 
we go back to the construction of the body | 
out of the four germinal layers, we are 
astonishcHl to perceive that these four 
layers are the same in all vertebrates, and ' 
everywhere take a similar part in the ! 
building-up of the fundamental organs of j 

of these lour secondary layers, we learn 
that they always ansc in the same way 
from the two pnmary layers; and the 
latter have the same significance in all 
the metazoa (i.e., all animals except the 


of the body, especially the oldest organ, 
the alimentary canal, are the same every- 
uhere, they have always the same 
extremely simple form. .\ll the pecu- 
liarities that distinguish the various 
groups of animals from each other only 
appear gradually in the course of 
embryonic development ; and the closer 
the relation of the various groups, the 
later they are found. We may formulate 
-hrnr—r-'r, -/hich 

ay in a sense be regarded as an appendix 
our biogenetic law. This is the law of 
i ontogenetic connection of related 
imal forms. It runs : The closer the 
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relation of two fully-develop^ aniiniils in 
respw't of their ■whole bodily structure, 
and the nc.irer thej arc connected in the 
classihcation of the animal kingdom, the 
longer do their embryonic forms retain 
their identity, and the' longer is it impos- 
sible (or only possible on the ground j 
of subordinate features) to distinguish j 
between their embryos. This law applies I 
to all animals whose embryonic detelop- | 
ment is, in the main, an hereditary 
summary of their ancestral history , or in ; 
which the original form of dc\elopmcnt , 
has been f.iithfully presented by heredity 
V^Tien, on the other hand, it has been 
altered by cenogencsis, or disturbance 



the law, which increases in proportion to which changes 


ch.araclcristic formation of its memhmnc 
(sona pt'lhuida), whidi clearly distin- 
guishes it from the o\um of all other 
animals When the human fietus h<is 
attained the age of fourteen days, it forms 
a round tcsicle (or “embryonic vesicle ”) 
about a qu,irter of an inch in diameter 
A thicker p.irt of its border forms a simple 
sole-shaped embrvonic shield one-twelfth 
of an inch long (h'ig 133). On its d0rs.1l 
side we find in the middle line the straight 
medull.ary furrow, bordered by the two 
mr.illel d0rs.1l or medullary swellings 
Behind, it p.'isses by the neurentera c.in.il 
into the primitive gut or primitive grinive. 
From this the folding of the two tielom- 
fKiuches prcKeeds in the s.mic 
w.iv as ill the other mammals 
(if Figs 9(1,97) In the middle 
of the sole-shaped embryonic 
shield-the first primitive segments 
immcsJi.itely begin to m.ike their 
appcaranie’ .\t this age the 
- human embryo cannot be dis- 

tinguislic'd from th.it of other 
nuimmals, such .is the luire or 
_ ot dog. 

l.iter (or .ifier the 
tw'entv -first d.iy) the hum.in em- 
bryo has doubled its lesigth ; it 
.'-fifth of an inch 


the three higher sense-organs, 
.iiid the rudiments of the gill- 
clcfts, which pieice the sides of 
the neck (Fig 179, HI ) The 
.illantois h.is grown out of the 
gut behind The embryo is 
•ilready cntirelv enclosed in the 
.minion, .iiid is only connc'cted in 
the middle of the belly by the 
duct with the embryonic vesicle. 


the introduction of new features by adnp- are no extremities or limbs .it this stage, 
Ution (cf Chapter I , pp 4-6). Thus no tr.icc of arms or legs 1 he he.id-end 
the apparent exceptions to the law can has been strongly differcnli.ited from the 
alw ay s be tniced to cenogencsis. ■ tail-end, and the first outlines of the 

When we apply to man this law of the cerebral vesicles in fr 
ontogenetic connection of related forms, below', under the fori 
and run rapidly over the earliest stages ' more or less clearly sc'c 
of human development with an eye to no real face. Moreovc 
it, we notice first of all the structural , at this stage a special character that mi- 
identity of the ovum in man and the distinguish the human embryo from th. 
other mammals at the very beginning | of other mammals 

(Figs. 1, 14). The human ovum possesses [ A w’c>ck later (after the fourth week, c 
all the distinctive features of the ovum of I the twenty-eighth to thirtieth day 
the viviparous mammals, especially the | development) the human embryo h. 
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reached a lenj^th of about one-third of an ; 
inch (Fip. 179, IV ). We can now clearly | 
distinguish the head with its various 
parts , inside it the five primitive cerebral 
vesicles (fore-brain, middle-brain, inter- j 
mediate- brain, hind -brain, and after - 
brain); under the head the gill-arches, 
which divide tlic gill-clchs ; at the sides 
of the head the rudiments of the eyes, a 
couple of pits in the outer skin, with a | 


head bends over the trunk, ahnost at a 
right angle. The latter is still connected 
in the middle of its ventral side with the 
embryonic vesicle ; but the embryo has 
still further severed itself from it, so that 
it already hangs out as the yelk-sac. The 
hind part of the body is also very much 
curved, so tliat the pointed tail-end is 
directed towards the head. The head 
and face-part are sunk entirely on the 



pair of corresponding simple vesicles 
growing out of the lateral wall of the 
lore-brain (Figs. 180, 181 a). Far behind 
the eyes, over the last gill-arches, we sec 
the v'csiLular rudiment of the nuscultory 
organ. The rudimentary limbs are now 
cle.irly outlined — four simple buds of the 
sh.ipc of round plates, a p.iir of fore ( vg) 
and a pair of hind legs (hg), the former 
a little larger than the latter. The large 


still open breast. The bend soon increases 
so much that the tail almost touches the 
forehead (Fig 179, V.; Fig 181). We 
may then distinguish three or four sjpecial 
curves on the round dorsal surface — 
namelv, a skull-curve in the region of the 
second cerebral vesicle, a neck-curve at 
the beginning of the spinal cord, and a 
tail-curve at the fore-end. Tliis pro- 
nounced curve is only shared by man tind 



column. Of the latter, the rudiments of it is the rudiment of an ape-tail, the last 
ccygeal (or lowest) vertebra; hereditary relic of a long h 
are visible — thirty-two indicates the third ' ' i handed down fro 

and thirty-six the seventh of these. Under 1 primate ancestors to the present day. 

Lcbral column we see the hindmost It sometimes happens that we find even 
ends of tlie two large blood-vessels of the external relics of this tail growing, 
tail, the principal artery (aotta caudalu I According to the illustrated works of 
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Surgeon-General Bernhard Ornstein, of | 
Greece, these tailed men are not un- { 
common ; it is not impossible that they 
gave rise to the ancient fables of the 
satyrs A great number of such cases 
are given by Max Bartels in his essay on 
“Tailed Men” (1884, in the Archvo fur 
A nthropologte. Band XV ), and critically 
examined. Tliese atavistic human tails 
are often mobile ; sometimes they contain 
only muscles and fat, sometimes 


tion b hereditary in certain isolated tribes 
(especially m south-eastern Asia and the 



Fio iSr Fk) iSS 

Pia ^Human ovum of ten days. (From AUem 
ThomMtn ) Natural size, opened , Um email ioetua lO 
the ngrfat half, above. 

Fig 188.— Human fOBtUI of ten da>'s, taken from 
the preceding ovum, magnified ten times, a yelk^ac, 
h neck (the medullary groove already ckwed), r head 




a\8 (From Alien Thomson ) 
he dK>non forma a spaooua > 
f which the HnaD m^us (t< 
ttached by a short umbilical oo 


luman ovum twd>c to thirteen 

iHn Allen Hunnson ) i Not opened, 
a Opened and magnified Withm the 


rudiments of caudal vertebrae. They 
attain <1 length of eight to ten inches and 
more. Granv ille Harrison lias very care- 
full>: studi^ one of th^ cases of ^ 

tail,” which he removed by operation troni « ammon, iydfc-m e lower-;aw pro cc as of the 
a six months* old child in looi. The tail ^ pr«» of e 

moved briskly when the diild cried or 
was excited, and was drawn up when at vmle, * eye, 1 beut. 
rest. 

In the opinion of some travellers and archipelago), so that we might speak of a 
anthropologists, the ataristic tail-forma, special race or “species” of tailed men 


mm 
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(Horni cauiatus) Bartels has “no! large, anil almost hils the whole of the 

j. u. .1 1 M 1 1. 1 — (Pijr. 183 ffv). Behind it 

„ ^ mall rudimentary lungs, 

pineal and ethnographical knowledge of The primitive kidneys ^ are very large , 
me lands in question ’’ (ArvAiv /urAu'&m- . they fill the greater o.irt of the .ibdommal 
pj’otrie, BmJ XV., p teg) c.avity, and extend Irom the liver C f) to 



month (Fig. 183), \vc find the ahmenUrj first month all the chief organs arc .'ilrcady 
canal formed in the body-cavitv, anil outlined. But there are at tins stage no 
for the most part cut off from tfie cm- features by -wlnth the hunirin embryo 
bryonic vesicle There are both mouth materially differs from that of the dog, 
and_ anus apertures. But the mouth- , the hare, the ox, or the horse— in a word, 
cavity is not yet separated from the nas,il , of any other higher m.immal. All these 
cavity, and the face not yet shaped. The embryos have the same, or at least a very 
heart shows all its four sections , it is very I similar, form ; Uicy con at the most be 
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distinguished from the human embryo by 
the total size of tlie body or some other 
insignificant difference in size. Thus, for 
instance, in man the head is larger in 
proportion to Uie trunk than m the ox. 


The features by means of which we dis- 
tinguish between them are not clear until 
later on. Even at a much more advanced 
stage of development, when we can dis- 
tinguish the human foetus from that of 



he t.iil IS rather longer in the dog than 
in m.in 1 liese .ire ill negligible dit- 
ferences. On the other h.ind, the whole 
internal organis.it ion and the form and 
.irrangement of the i.irious organs a 
essentially the s.ime in the human 
embrio oi four weeks as in the embrjos 
of the other inainnials at corresponding 
stages 

It is otherwise in the second month of 
hum.in de%elopmeiu. I'lg. 171) repre- 
sents a human einbno of six weeks 
(VI ), one of seien w\vks (VI 1 ), and 
one of eight weeks (VJII ), .at natural 
size The differences which mark off 
the human embrjo from th.il of the dog 
.ind the lower mamm.ils now begin to 
be more pronounced. We c.in sec 
important differences at the sixth, and 
still more at the eighth, wcxik, espcci.illy 
in the formation of the hc.ad. The 
size of the various sections of the brain 
is greater in man, and the tail is 
shorter. Other differences betw’ccn man 
.and the lower mammals arc found 
in the rel.itivc size of the internal 


of the nearest related mammals — the _ , 
especially the anthropomorphic apes. 



he ungul.itcs at a gl.ancc, it still closely 
, .escmbles tha. 

I last we gel the distincthe features, and 



ptfdfde oi the aiL 
mainmalfl, while the outcr 
pUceoU there. (Half dio^rr 


longest in the large anthropomorphic as in external form. It is also expressed 
apes (gorilla, chimpanzee, orang, and in the construction of the envelopes and 
gibbon) ITie physiognomic similarity appendages that we find surrounding 
of these animals, which we find so great the fuetus externally, and that we will 
in their earlier years, lessens with the now consider more closely. Two of these 
increase of age. On the other hand, appendages— the amnion and the allantois 
it remains throughout life in the re- —are only found in the three higher 
markable long-nosed ape of Ilorneo classes of vertebrates, while the third, the 
{Nasalts larvatm). Its finely-shaped velk-sac, is found in most of the verte- 
nose would be regarded with envy by brates. This is a circumstance of great 
many a man who has too little of llial importance, and it gives us valuable data 
organ. If we compare the face of the for constructing man’s genealogical tree, 
long-nosed ape with that of abnormally As regards the external membrane that 
ape-like human beings (such as the encloses the ovum in the mammal womb, 
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— 

we find it just the same in man as in the to one-third of an inch in diameter (Figs, 
higher mammals. The ovum is, the reader 186-188). As a large quantity of fluid 
will remember, first surrounded by the gathers inside it, chorion expands 
transparent structureless or Sima more and more, so that the embryo only 

pellucula (Figs, i, 14). But very soon, occupies a small part of the spa<% within 
even in the first week of development, the vesicle. The villi of the chorion grow 
this is replaced by the permanent chorion, larger and more numerous. They branch 
This is formed from the external layer of out more and more. At first the villi 
the amnion, the scrolemma, or " serous cover the whole surface, but they after- 
membrane,” the formation of which we wards disappear from the gp^eater part of 
shall consider presently ; it surrounds the it , they then develop with proportionately 
fcetus and its appendages as a broad, greater vigour at a spot where the placenta 
completely-closed sac ; the space between is formed from the allantois, 
the two, filled with clear watery fluid, is When we open the chorion of a human 
the serocoelom, or interamniolic cavity embryo of three weeks, we find on the 



(“cxtra-embrj'onic bod) -cavity ”). mtral side of the fcetus a large 

the smooth surface of the sac is quick!' tc, filled with fluid. This is the jelk- 

jvered with numbers of tiny tufts, which _ rr “"inbilical \esicle,” the origin of 
,ths like the which we have considered previously. 

, 191, iqScAsr). The larger the embi-yo becomes the 

^ . -- - smaller we find the yelk-sac. In the end 

ponding depressions that are formed by the we find the remainder of it in the shape 
tubular glands of the mucous membrane of a small pear-shaped vesicle, fastened 
of the maternal womb. Thus, the ovum to a long thin stalk (or pedicle), and 
secures its permanent seat (Figs. 186-194). hanging from the open belly of the foetus 
In human ova of eight to twelve days (Fig 194). This p^icle is the vitelline 
this external membrane, the chorion, is duct, and is sepamted from the body at 
already covered with small tufts or villi, the closing of the navel, 
and forms a ball or spheroid of one-fourth Beliind theyelk-sac a second appendage, 
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of much greater importance, is formed at the embr)-o which wo call the plao 
an early stage at the belly of the mammal The pedicle of the allantois, w 
embrjo. This is the allantois or “ priini- connects the embryo with the plat 


i\e urinan' sac,” an important embryonic and conducts the strong unibilic<il vessels 
irgan, onI\ found in the three higher from the former to the Litter, is covered 
Kisses of vertebrates. In all the amni- bv the amnion, and, with this ammotic 
ites the allantois quickly appears at the sfiealh and the pedicle of the v elk-sac. 
■ ' ' of the alimentarv canal, grow- forms wlmt is called the umbilical coni 

F the cavity of the pelvic gut (h'lg. 196 al). As the large and blood- 


>47 ^ >95 ALC) 


The further development of the allantois alLi 


hll^ vascular network of the fcet.il 


! attaches itself closely 1 


siderablj 111 the three sub-classes mucous lining of the matern.il womb. 


m.ammals. The tw 
monotremes and 
the simpler struct 
rs, the reptiles. Th 


nd marsupials, 
jcture of their 
The wall of the 


r sub- and the p.irtitiot 





of mother .ind child becomes 
limner, we get that remarkable 
e app,ir.itus of the fiet.il body 
uliiih IS characteristic of the 
pl.icenl.ilia (or chori.it.i) Wo 
shall return afterwards to the 
closer coiisider.itioii of this (cf 
Ch.ipter X.VIII ) 

In the v.trious orders of inani- 
iii.ils the pl.icent.i undergoes 
ni.uiv iiioditic.itioiis, ,md these 
are in p.irl of gre.il evolutionary 
import. ince and usetul in cl.issi- 
fic.ilion There is onlv one of 
these that ni'ed be spes i.illv men- 
tioned -theimivort.ini Lilt,’ est.ib- 
lished hv Silenk.i in iS<)n, th.it 
the distmilive hum. in pl.icent.i- 
tion IS lonlined to the .inthro- 
poids. In this most .idv.incid 
group of the mainm.ils the .ill.in- 
tois IS verv sm.ill, siHvn loses its 
i.ivitv, .ind then, in common 
with the amnion, undergoes 
certain peculi.ir ihanges. The 
unihiIiL.il cord dev elopes in this 
c.ise from wh.il is called the 
“vcntr.il pediile” L’ntil very 
reientlv this was rcg.irded as a 
structure peculi.ir to m.an. We 
now know from Seicnka that 


allantois and the enveloping scrolemm.i 
remains smooth .ind without villi, .is in 
the birds. Hut in the third sulvcl.ass of 
the mammals the scrolemma forms, by 
invagination .at its outer surface, a 
number of hollow tufts or villi, from 
w Inch it takes the name of the chonon or 
mallochorion. The gut-fibre la)er of the 
allantois, richly supplied with branches of 
the umbilical vessel, presses into these 
tufts of the primarj chorion, and forms 
the “ secondary chorion.” Us embryonic 
blood-vessels arc ckiscly correLited to 
the contiguous maternal hkxxl-vesscls of 
the environing womb, and thus is formed 
the important nutritive apparatus of 


the muih-disi ussed ventr.il pedicle is 
merely the pedicle of the allantois, 
combmed with the pedicle of tlie 
.imnion and the rudimentary pedicle of 
thcyelk-s,u. It has just the s.ime struc- 
ture in the or.ing and gibixjn (Fig 197), 
and very proKibly in the chimp.in/ee 
.and gorill.i, as in' m.iii , it is, therelorc, 
not a disproof, but a striking fresh proivf, 
of the blMKl-rc-Litionslup of m.in and the 
anthropoid apes. 

"We find only in the ,'inthropoid .apes — 
the giblxm and oranfi of Asi.i and the 
chimp.inziH! and gorilla of Afrii.i — the 
peculiar and elaborate formation of the 
placenta that characterises man (Fig. 198). 
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In (his case there is at an early stage an 
intiiii.itc blending of the chorion of the 
einbrjo and the p<irt of the inuious lining 
of the womb to which it atUches. The 
villi of the chorion with the blood-vessels 
they contain grow so completely into the 
(issue of the uterus, which is rich in blood, 
that it becomes impossible to sep^irate 
them, and they form together a sort of 
c.ike This comes away as the “after- 
birth ” at parturition , at the same lime, 
the part of the mucous lining of the 
womb that has united inseparably with 
the chorion is torn away, hence it is 
c<illed the dtculua (“ falling-away mcm- 


I namely, that part of the mucous 

I lining of (he womb which unites intimately 
I w ith the chorion-MlIi of the fcctal placenta. 
The internal or false decidua ( tntema or 
rejlexa. Fig. 196 dr. Fig. 199 fj is that 
part of the mucous lining of the womb 
which encloses the remaining surfaceof the 
ovum, the smooth chorion ( chonon ), 

in the shape of a special thin membrane. 
The origin of these three different 
deciduous membranes, In regard to which 
tmite erroneous views (still retained in 
their names) formerly prevailed, is now 
quite clear The external decidua vera is 
the specially modified and subsequent l> 



brane”), and also the “sieve-membrane,” 
1^1 ause It is perforated like a sieve We ! 
find a dccidu.i of this kind in most of the 
higher pl.iccntals , but it is only in man | 
ami the anthropoid apes that ft divides j 
into three parts — the outer, inner, .and j 
placental decidua. The external or true 
decidua (Fig 196 du. Fig igq j^) is the j 
part of the mucous lining of the womb , 
that clothes the inner surface of the uterine , 
vity wherever it is not connected with i 
- »e placenta. The placental or spongy 
decidua ( placentalis or serohna. Fig. 196 
ds. Fig 199 d) is really the placenta 
itself, or the maternal part of it (placenta 


dctacli.ahle superfici.il str.atum of the 
original mucous lining of the womb. 
The placent.al decidua serotma is that part 
of the preceding w'hich is completely 
transformed by the ingrowth of the 
chorionAilli, and is used for constructing 
the placenta. The inner decidua rejlexa 
is formed by the rise of a circular fold 
of the mucous lining (at the border of the 
decidua vera and serotina), which grows 
over the foetus (like the amnion) to the 

The p^uli.ir anatomic features tha 
laracterise the human fcctal membrane' 
V found in just thesame wayin thehighe 
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apes. Untilrecentlyitwasthoughtthatthe 
human embryo was distinguished by its 
peculiar construction of a solid allantois 
and a special ventral pedicle, and that the 
umUlical cord developed from this in a j 
different way than in the other mammals. 
The opponents of the unwelcome “ape- 1 
theory’’ laid great stress on this, and ' 
thought they had at last disco\ercd an I 
important indication that separated man 
from all the other placentals But the ' 


described the amnion has no blood-vessels 
at any moment of its existence. But the 
other two \esicles, the yelk-sac and the 
allantois, are equipped with large blood- 
vessels, and these effect the nourishment 
ot the embryonic body. We may take the 
opportunity to make a few general obser- 
\.itions on the first circulation in the 
embfAO and its ccntr.il organ, the heart. 
The /irst blixiJ-vessels, the heart, and the 
first blood itself, are formed from the 



Fm. 19S.— Prtmtal section of the ppegiiant human womb. (F 

• han^ ^ the middle of the omniotic eavitj b> the ventral pedicle or urn 


remarkable discoveries published by the gut-fibre layer Hence it was called by 
distinguished zoologist Selenka in 1890 earlier embryologists the "vascular layer.” 
proved that man shares these peculiarities In a sense the term is quite correct. But 
of placentation with the anthropoid apes, it must not be understood as if all the 
though they are not found in the other . blood-vessels in the body came from this 
apes. Thus the very feature which was ; layer, or as if the whole of this layer were 
advanced by our critics as a disproof j taken up only with the formation of blood- 
became a most important piece of evidence vessels Neither of these suppositions is 
in favour of our pithecoid origin. true. Blood-vessels may be formed inde- 

Of the three vesicular appendages of pendenlly in other parts, especially in th ~ 
the amniote embryo which we have now | various products of the skin-fibre layer. 
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The first bkxxl-\cssels of the mainm.il 
einhrjo h.ue been considered by us [ 
prcMously, and wesh.ill studj thede\clop- 
ment of the heart in the second volume 
In every vertebrate it lies at first 
in the ventral wall of the fore-Rut, or 
in the\entral (or cardiac) mesentco, bv 
which it IS connected for a time with 
the wall of tlfe body. But it soon 
severs itself from the place of its origin, 
and lies freely in a cavity — the cardiac 


They rise in the w’all of the fore-gut, 
which they enclose in a sense, and then 
unite above, in the upper wall of the fore 
gut-cavity, to form a large single artery, 
that runs backward immediately under 
the chorda, and is called the aorta (Fig. 
201 Ao). 'pic first p.iir of aorta-arches 
rise on the Inner wall of the first pair of 
gill-.irche.s, and so lie belacsin the first 
gill-arch {kj and the fore-gut just 
as W'c find them throughout life in the 



cavity. For a short time it is still con- fishes. The single .lorta, which results 
nected with the former by the thin from the conjunction of these two first 
plate of the mesoenrdium Afterwards vasculararchcs,diyidcsagain immediately 
It lies quite free in th< cardiac cavity, into two parallel br.inches, which run 
and is onlv directly connected with the Kickwards on either side of the chord.i. 
gut-wall by the vessels which issue These are the primitive aortas which we 
from it. j have already mentioned ; they arc also 

pie fore-end of the spindle-shaped tube, I called the posterior vertebral arteries 
which sron tends into an S-shape (Fig. j These two arteries now give off at each 
202), divides into a right and left branch, side, behind, at right angles, four or five 
These tubes are tent upwards arch-wise, ' branches, and these picss frOm the em- 
and represent the first archc-s of the aorta. [ bryonic body to the gertninalive area ; they 
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are called omphalo-mesenteric or vitellini 
arteries. They repesent the first begin 
ning of a foetal circulation. Thus, thi 
first blood'Vessels pass over the embryonl 
body and reach as far as the edge of thi 
germinative area. At first they ari 

infined to the dark or “ vascular "area 

But they . 

of the embryonic vesicle. In the 
end, the whole of the yclk-sac is covered 
with a vascular net-work. TTiese vessels 
^ ather food fro 

the yellc-sac and convey it to the em- 
brjonic body This is done by the veins, 
which pass first from the germinative 
area, and afterwards from the yelk-sac, 
to the farther end of the heart. TTiey are 
called vitelline, or, frequently, omphalo- 
mesenteric, veins 

These vessels naturally atrophy with 
the degeneration of the umbilical vesicle, 
and the vitelline circulation is replaced 
by a second, that of the allantois. Large 
blood-vessels are dc\ eloped in the wall of 
the urinary sac or the allantois, as before, 
from the gut-fibre layer. These vessels 
grow larger and larger, and are very 
closely connected with the vessels that 
develop in the Ixxly of the embryo itself 
Thus, the secondary, allantoic circulation 
gradually takes the place of the original 
vitelline circulation When the allantois 
has attached itself to the inner wall of 
the chorion and been converted into the 
placenta, its blood-vessels alone effect the 
nourishment of the embryo They are 
called umbilical lesscls, and are origin- 
ally double — a pair of umbilical arteries 
and a pair of umbilical veins The two 
umbilical veins (Fig 183 «), which convey 
blood from the placenta to the heart, cmn 
at first into the united vitelline veins. Tlie 
latter then disappear, and the right 
umbilical vein goes with them, so that 
henceforth a single large vein, the left 
umbilical vein, conducts all the blood from 
the placenta to the heart of the embryo. 
The two arteries of the allantois, or the 
umbilical arteries (Figs. 183 «, 184 i»), 
arc merely the ultimate terminations of 
the primitive aortas, which are strongly 
developed afterwards. This umbilical 
circulation is retained until the nine 
months of embryonic life are over, and 
tlie human embryo enters into the world 
as an independent individual. The um- 
bilical cord (Fig 196 a/), in which these 
large blood-vessels pass from the embryo 
to the placenta, comes away, together 
with the latter, in the after-birth, and 
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with the use of the lungs begins an 
entirely new form of circulation, which is 
confined to the body of the infant. 

There _ is a great phylogenetic signi- 
ficance in the perfect ameement which 
we find between man ana the anthropoid 
apes in these important features of 
bryonic circulation, and the special con- 
struction of the placenta and the umbilical 
cord. We must infer from it a close 
blood-relationship of man and the anthro- 
pomorphic apes— a common descent of 
them from one and the same extinct 



pira of viteOine utenes are griven oS. (Froi 

group of lower apes. Huxley’s ‘ ‘ pitheco- 
metra-principle ’’ applies to these onto- 
genetic features as much as to any other 
morphological relations : “The differences 
in construction of any part of the body 
are less between man and the anthropoid 
apes than between the latter and the 
lower apes ’’ 

This important Huxleian law, the chief 
consequence of which is “ the descent of 
man from the ape,” has lately been con- 
firmed in an interesting and unexpected 
way Srom the side of the experimental 
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physiolc^ of the blood. The expert- Asweknc 

ments of Hans Friedenthal at Berlin have that the n. 

shown that human blood, mixed with the blood Is only possible without injury in 
blood of lower apes, has a poisonous the case of two closely related animals of 



Fio Lar OP whlt^handod gibbon (HyhhaieR Inrw alhtmanu*), from the Indian mainland (From 
Brekm ) 

effect on the latter, the sen if the one . the same famih, we have another proof 
destroys the blood-cells of the other. But of the close blood-relationship, i 
this docs not happen when human blood literal sense of the word, of man and the 
is mixed with that of the anthropoid ape. | anthropoid ape. 
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The existing anthropoid apes are only eif^ht to twelve species of it in the East 
s small remnant of a large family of Indies. I made observations of four of 
eastern apes (or Cafatrhtna), from which them during my voyage in the East Indies 
man was evolved about the end of the (1901), and had a s|}ecimen of the ash- 
Tertiary period. They fall into two geo- grey gibbon ( Hylobates leuctsctu ) living 



Fio »4.-Youn*orRnKfA«trnij‘>«'wJ.»*l<*P' 


graphical groups— the Asiatic and the 
Afncsin anthroptnds. In each group wc 
c,in distinguish two genera. 'Ihe oldest 
of these four genera is tlie gibbon 
(Hylobaies, Fig. 203); there are from 


for several months in the garden of my 
house in Java. 1 have described the 
interesting habits of this ape (regardwl b) 
the Malays as the wild descendant of men 
who had lost their way) in my Malayudun 


m 
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Retsebriefen (chap xi ). Psychologically, liar and salient cheek-pads in the 
he showed a good deal of resemblance to elderly male ; these are wanting in the 
the children of my Malay hosts, with other group, the ordinary orang-outang 
whom he played and fomted a very close (Eusa/vnts) 

friendship. Several species have lately been distin- 

The second, larger and stronger, genus guished in the two genera’ of the black 
of Asiatic anthropoid ape is the orang African anthropoid apes (chimpanzee and 
ISafyrusJ. he is now found onhr in the gorilla). In the genus Anihropithccus 
islands of Borneo and Sumatra. Elenka, (or .<4 nthropopithecus, formerly TrogloiiyU's), 



who has published a very thorough Study , 
of the Development and Cranial Structure ^ 
of the Anthropoid Apes (1899), distin- 
guishes ten races of the orang, which ' 
majr, however, also be regarded as “ local 
varieties or species.” They fall into two | 
sub-genera or genera . one group, Dis- \ 
satyrus (orang - bentang. Fig 305), is I 
distinguished for the strength of its , 
limbs, and the formation of very pecu- 


the bald-headed chimpanzee, A. calvus 
(Fig. 206}, and the gorilla-like A. majuca 
difler very strikingly from the ordi- 
nary Anihropithccus ntyyr (Fig. 207), 
not only in the size and proportion of 
in.tny parts of the body, but also in the 
peculiar sh.ipe of the head, especially the 
ears and lips, and in the hair and colour. 
The controversy that still continues as 
to whether these different forms of 
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chimpaiuee and orang are " merely kv:al 
\'arieties” or “true species ” is .in idle 
one , as in all such disputes of cl.issificrs 
there is an utter absence of clear ideas as 
to what a species really is. 

Of the largest and most famous of all 
the anthropoid apes, the gorilla, Paschen 
has lately discoi-ered a giant-furm in the 
interior of the Cameroons, which seems 
to differ from the ordinar}’ species {Uonlla 


to that of man, but it is substantially the 
s.'ime. “ The same 200 bones, arranged 
in the s.mie way, form our internal 
skeleton ; the s.imc 300 muscles effect our 
movements, the same hair co\ers our 
skin , the same groups of ganglionic cells 
compose the ingenious mcclianism of our 
brain ; the s.ime four-ch.tmbered he.irt is 
the central pump of our circulation.” 
The really existing differences in the 
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gitta Fig. 308), not only by its unusual 
size and strength, but also b;^ a special 
formation of the skull. This giant gorilla 
pgas. Fig. 209) is six feet 
eight inctves long ; the span of its great 
arms is about nine feet ; its powerful 
chest is twice as broad as that of a strong 

The whole stmeture of this huge 
anthropoid ape is not merely very similar 


shape and size of the various parts arc 
explained by differences in their growth, 
due to adaptation to different habits of 
life and unequal use of the various organs. 
This of itself proves morphologically the 
descent of man from the ape. We will 
return to the point in the twenty-third 
chapter But 1 wanted to point already 
to this important solution of “ the ques- 
tion of questions,” because that agreement 
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m the formation of the embi^onic mem- 
branes and in foetal circulation which 1 
have described affords a particularly 
weighty proof of it. It is the more 
instructive as even cenogenetic structures 


may in certain circumstances have a high 
phylogenetic value In conjunction with 
the other facts, it affords a striking con' 
firmation of our biogenetic law. 
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Chapter XVI. 


STRUCTURE OF THE LANCELET AND THE SEA-SQUIRT 


In turning from the embryology to the 
phylogcny of man — from the development 
-if the inclividual to that of the species — 

' ‘ ind the direct causal 

n that exists between these tw'o 
' ' * ' ' man 

evolution. This important 
finds its simplest expression in “the 
fundamental law of organic development,” 
the content and purport of which we have 
fully considered in the first chapter. ' 
According to this biogenetic law, onto- 
geny is a brief and condensed recapitula- 
tion of phylogeny. If this compendious 
reproduction were complete in all cases, 
it would be very easy to construct the 
whole sto^ of evolution on an embryonic 
basis When we wanted to know the 
.mcestors of any higher organism, and, 
therefore, of man— to know from what 
forms the race as a whole has been evolved 
— we should merely have to follow the 
series of forms in the development of the 
individual from the ovum ; we could then 
regard each of the successive forms as 
the representative of an extinct ancestral 
form. However, this direct application 
of ontogenetic facts to phylop;enetic ideas 
is possible, without limftations, only in 
a very small section of the animal 
kingdom. There arc, it is true, still 
.a number of lower invertebrates (for 
instance, some of the Zoophyta and 
Vermalia) in which w-e are justified in 
recognising at^ once each embryonic 
form as the historiail reproduction, or 
silhouette, as it were, of an extinct 
ancestor. But in the gre.it m.ijority of 
the animals, and in the case of man, 
this is impossible, because the embryonic 
forms themselves have been modified 
through the change of the conditions of 
‘xistence, and have lost their original 
character to some extent. During the 
immeasurable course of organic histoiy, 
the many millions of years during which 
life was developing on our planet, secon- 


dary’ changes of the embryonic forms 
have taken place in most animals. The 
young of ananals (not only Jet ' ' 
larva:, but also the embryos enclosed i 
the womb) may be modified 
influence of the e ' jus 

tion to the conditions of life ; even sjiecie 
are altered during the embryonic develop- 
ment. Moreover, it is an advantage for 
all higher organisms (and the advantage 
is grater the more advanced they are) to 
curtail and simplify the original course ot 
development, and thus to obliterate the 
traces of their ancestors. The higher the 
individual organism is m the animal 
kingdom, the less completely does it 
reproduce in its embryonic development 
the senes of its ancestors, for reasons that 
are as yet only partly known to us. The 
fact is easily' proved by comparing the 
different developments of higher and 
lowrer animals in any single stem 
In order to appr^iate this important 
feature, w e hav e distributed the embryo- 
logical phenomena in two groups, po//n- 
gevetfc and cenogenehc. Under palin- 
genesis we count those facts of embryo- 
lop’ that we can directly regard as a 
faithful synopsis of the corresponding 
stem-historv' By cenogenesis we under- 
stand those embryonic processes W’hich we 
cannot directly correlate with correspond- 
ing evolutionary processes, but_ must 
regard a.s modifications or falsifications of 
them. With this careful discrimination 
between palingenetic and cenogenetic 
phenomena, our biogenetic law assumes 
the follovvini' more precise shape 
rapid and brief development of the indi- 
V idual (ontogeny) is a condensed synopsis 
of the long and slow history of the stem 
(phylo«ny) : this synopsis is the r 
faithful and complete in proportion as the 
original features have been preserved by 
heredity, and modifications have not been 
introduced by adaptation. 
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In order to disting-uibh correctly be- | the series of our ancestors from the various 
tween paling-enetic and cenof^enetic pneno- j ph> lof^enetic fragments that we find in 
mena in embrjology, and deduce sound ’ the different groups of tlie animal kmp;- 
conclusions iii connection with stem- I dom. We shall see that we arc really in 
history, we must especially make a com- a position to form an approximate picture 
paratiVe stud} of the former In doing of the evolution of man and the mammals 
this it is best to emploj the methods that | by a proper comparison of the embryology 
have long been used bj geologists for the of different animals — a picture that 
purpose of establishing the succession of, we could ne\er h.ive framed from the 
the sedinientar> rocks in the crust of the ontogeny of the mammals alone. As a 
earth. This solid crust, which encloses result of the abo\c-mcnlioned cenogenetic 
the glowing central mass like a thin shell, | processes — those ofdisturbed and curtailed 
is composed of different kinds of rocks ' nereditt — w hole scries of lower stages 
there are, firstlj, the \olcanic rocks which ha\c dropped out in the embrjonic de- 
were formed directly by the cooling at the ' velopmentofmanand the other mamm.ils, 
surface of the molten mass of the earth , especially from the earliest periods, or 
secondly, there are the sedimentary rocks, been falsified by moditication. But we 
that ha^e been made out of the former by find these lower stages in their original 
the action of water, and ha\e been laid in ’ purity in the lower vertcbnites and their 
successive strata at the bottom of the sea inxertebrate ancestors Especially in 
Each of these sedimentary strata was at the lowest of all the ^ertcbratcs, the 
first a soft layer of mud , but in the course lancelel or .AmphioKUs, we ha\e the 
of thousands of years it condensed into a oldest stem-forms completely preserved 
solid, hard mass of stone (s<indstone, in the embryonic development. We 
limestone, marl, etc), 4ind at the same .ilso find important evidence in the fishes, 
time pcrnuinently preserved the solid and which stand between the lower and 
imperishable bodies that had chanced to higher vertebrates, and throw further 
tall into the soft mud. Among these light on the course of evolution in certain 
bodies, which w'ere either fossilised or left i periods Next to the fishes tome the 
characteristic impressions of their forms ' amphibia, from the embryology of which 
in the soft slime, we have especially vv e c.in also dr<iw instructive conclusions, 
the more solid parts of the animats and They represent the transition to the higher 
plants that lived and died during the vertebrates, in which the middle and 
deposit of the slimy strata older stages of ancestral development 

Hence each of the sedimentary strata i have been either distorted or curtailed, 
has Its characteristic fossils, the remains J but in which we find the more recent 
of the animals and plants that lived , stages of the phylogenetic process well 
during that particular period of the earth’s ' preserved in ontogeny. We arc thus in 
history. When we m.ike a comparative ' a position to form a fairly complete idea 
study of these strata, we can survey the of the past development of in.in's ancestors 
whole series of such periods All geo- within the vertebrate stem by putting 
logists are now agreed that wc can de- together and comparing the embryo- 
monstratc a definite historial succession logical developments of tlic various groups 
in the strata, and that the lowest of them of vertebrates And when vve go below 
were deposited in very remote, and the the lowest vertebrates and compare their 
uppermost in comparatively recent, times embryology w ilh that of their invertebrate 
However, there is no part of the earth relatives, wc can follow the genealogical 
whm we find the scries of strata in its ' tree of our animal ancestors much farther, 
entirety, or even tmproximately complete, dow'n to the very lowest groups of animals. 
The succession of strata and of corres- In entering the obscure paths of this 
ponding historical periods generally ' phylogenetic labyrinth, clinging to the 
given in geolt^ is an ideal construe- Anadne-thrcad of the biogenetic law 
tion, fom^ by piecing together the | and guided by the light of comparative 
various partial discoveries of the succes- anatomy, wc will first, in accordance with 
sion of strata that have been made at the methods we have adopted, discover 
different pointe of the earth’s surface (cf. and arrange those fragments from the 
Chapter XVIII.). manifold embryonic developments of very 

We must act in this way in constructing different animals from which the stem- 
the phytogeny of man. We must try to history of man can be composed. 1 would 
piece together a fairly complete picture of call attention particularly to the fact that 
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mploy this method with the same 
confidence and ri^^ht as the geologist. 
No geologist has ever had ocular proof 
that the vast rocks that compose our 
Carboniferous or Jurassic or Cretaceous 
strata were really deposited in water. Yet 
no one doubts the fact Further, no geo- 
logist has ever learned by direct observa- 
t these various sedimentary forma- 
; deposited in a certain order 
yet all are agreed as to this order This 

»nftot be rationally understood 
that thej 

•sited These hypotheses a 

lie and indispen: 

gi-ologic 


is composed of a number of very different 
stems. Of til 'se we have no interest just 
now rhinodeims, molluscs, and 

articulates, as they are independent 
branches of the animal-tree, and have 
nothing to do with the vertebrates. On 
the other hand, we are greatly concerned 
with a very interesting group that has 
only recently been carefully studied, and 
that has 

the vertebrates. 

I the stem of the Tunicates. One n 
I of this group, the sea-squirt, very closely 
approaches the lowest vertebrate, the 
Amphioxus, in its essential internal struc- 
1 emb:yonic development Until 
one had any idea of the close con- 


thc same \alue, for the same reasons In I 
formulating them we arc .icting on the I 
same inductile and deductive methods, ' 
.md with almost equal confidence, as the 
geologist Wc htild them to be correct, 
and cl.um the status of “biological 
theories" for them, bec<iuse we cannot 
understand the nature and origin of man ' 
and the other organisms without them. 


mals , it was a very fortunate accident 
tliat the embr>olog> of these related forms 
was discovered just at the time when the 
question of the descent of the vertebrates 
from the invertebrates came to the front 
In order to understand it properly, we 
must first consider these remarkable 
animals in their fullv-developed forms 
and compare their anatomy. 


snow'ledge of c 
^logical hjpoth 

ineteenth centuri are now universally j 
Imittcd, so our pnjlogenetic hypotheses, j 
hich are still regarded as fantastic in | 
•rtain qu.irters, will sooner or later be I 
ener.illy received. It is true th.it, as 
ill soon appe.ir, our task is not so 
mple as that of the geologist It is just 
s much more diflicult and complex as 
laii’s organisation is more elaborate than 
le structure of the rocks. 

When we approach this task, wc find I 
n auxiliary of the utmost imporUnce in 
le comparative .inatomy .ind embryology 

in" mu lunci .iiiiii lol-fiM iiia OiiC oV thcSC 

animals is the lancelet (Am/>kwxusJ, the 
other the soa-squirt Both of 

these animals are very instructive. Both 
are at the border between the two chief 
divisions of the animal kingdom- 
-tebrates The vi 
the already mentioned 
the Anmhioj 

(acrania, lampreys, fishes, dipneusts, 
amphibia, reptiles, birds, and mammalsj 
Following the example of Lamarck, it is 
usual to put all the other animals twether 
under the head of invertebrates. But, a 
I have often mentioned already, the group 


It lives on the flat, sandy parts of the 
Mediterranean coast, partly buried in the 
sand, and is apparently found m a number 
of seas.' It has been found in the North 
Sea (on the British and Scandinavian 
coasts and in Heligoland) and at various 
places on the Mediterranean (for instance, 
at Nice, Naples, and Messina). It is also 
found on the coast of Brazil and in the most 
distant parts of the Pacific Ocean (the 
coast of Peru, Borneo, China, Australia, 
etc ). Recently eight to ten species of the 
amphioxus have been determined, distri- 
buted in tw o or three gcneni. 

Johannes Muller classed the lancelet 
w ith the fishes, although he pointed out 
that the differences between this simple 
vertebrate and the lowest fishes are much 
greater than betw'een the fishes and the 
amphibia. But this was far from expres- 
sing the real significance of the s"— 

"" _ jnfideiitly lay down the follow- 

ing principle : Tlie Amphioxus differs more 
fixim the fishes than the fishes do from 
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(cranium). Of these the only living 
representatives are the Amphioxus and 
Paramphioxus, thou|'h there must have 
been a number of different species at an 
early period of the earth’s history. 

Opposed to the Acrania is the second 
di\ision of the vertebrates, which com- 
prises all the other members of the stem, 
from the fishes up to man. All these 
\ ertebrates have a head quite distinct from 
the trunk, with a skull (cranium) and 
brain ; all have a centralised heart, fully- 
formed kidneys, etc. Hence they are 
called the Crantota. These Craniotes are, 
however, without a skull in their earlier 
period. As we already know from embiyo- 
logy, even man, like every other mammal, 
passes in the earlier course of his develop- 
ment through the important stage which 
we call the chordula; at this lower stage 
the animal has neither vertebrae nor skull 
nor limbs (Figs 83-86) And even after 
the formation of the primitive vertebrae 
has begun, the segmented fretus of the 
amniotes still has fur a long time the 
simple form of a lyrc-sliaped disk or a 
sandal, without limbs or extremities 
When we compare this embryonic condi- 
tion, the sandal-shaped foetus, with the 
developed lancelet, w'e may say that the 
amphioxus is, in a certain sense, a perma- 
nent sandal-embryo, or a permanent em- 
bryonic form of the .\crania ; it never rises 
aiMvc a low grade of development which 
we have long since pas.sed. 

The fully-developed lancelet (Fig. 210) 
IS about two inches long, is colourless or 
of a light red tint, and has the shape of 
.a narrow lancet-formed leaf. The body 
is pointed at both ends, but much com- 
pressed at the sides. Tliere is no trace 
of limbs. The outer skin is veiy thin and 
delicate,'naked, transparent, and composed 
of two different layers, a simple external 
stratum of cells, the epidermis, and a 
thin underlying cutis-layer. Along the 
middle line of the back runs a narrow 
tin-fringe which expands behind into an 
oval tail-hn, and is continued below in a 
short anus-fin. The fin-fringe is supported 
by a number of square elastic hn-plates. 

In the middle of the body we find a thin 
string of cartilage, which goes the whole 
lengm of the body from front to back, 
ana is pointed at mth ends (Fig. 210 s). 
This straight, cylindrical rod (somewhat 
compressed for a time) is the axial rod or 
the chorda dorsalis ; in the lancelet this is 
the only trace of a v ertebral column. The 
chorda developcs no further, but retains 


its original simplicity throughout life. It 
IS enclosed by a firm membrane, the 
chorda-sheath or penchorda. The real 
features of this and of its dependent 
formations are best seen in the transverse 
section of the Amphioxus (Fig. 21 1). The 
perichorda forms a cylindrical tube imme- 
diately over the chorda, and the central 
nervous system, the medullary tube, is 
enclosed in it. This important psychic 
organ also remains in its simplest shape 
throughout life, as a cylindncal tute, 
terminating with almost equal plainness 
at either end, and enclosing a narrow 
canal in its thick wall. However, the 
fore end is a little rounder, and contains a 
small, almost imperceptible bulbous swel- 
ling of the canal. This must be regarded 
as the beginning of a rudimentary brain. 
At the foremost end of it there is a small 
black pigment-spot, a rudimentary eye ; 
and a narrow canal leads to a superficial 
sense-organ. In the vicinity of this optic 
spot we find at the left side a srnall 
ciliated depression, the single olfactory 
organ. There is no organ of hearing. 
This defective development of the higher 
sense-organs is probably , in the main, not 
an original feature, but a result of degene- 
ration. 

Underneath the axial rod or chorda 
runs a very simple alimentary^ canal, a 
tube that opens on the ventral side of the 
animal by a mouth in front and anus 
behind. The oval mouth is surrounded 
by a ring of cartilage, on which there are 
twenty' to thirty cartilaginous threads 
(organs of touch. Fig. 210 a). The 
alimentary canal divides into sections of 
about equal length by a constriction in 
the middle. The fore section, or head- 
gut, serves for respiration ; the hind 
section, or trunk-gut, for digestion The 
limit of the two alimentary regions is also 
the limit of the two parts of the body, the 
head and the trunk. The head-gut or 
branchial gut forms a broad gill-crate, 
the grilled wall of which is pierced by 
numbers of gill-clefts (Fig. 210 d). The 
fine bars of the gill-crate between the 
clefts are strengthened w'ith firm parallel 
rods, and these are connected in pairs by 
cross-rods. The water that enters the 
mouth of the Amphioxus passes through 
these clefts into the large surrounding 
branchial cavity or atnum, and _then 
pours out behind through a hole in it, 
the respiratory pore ( potus branckiaJis, 
Fig. 210 c). Below, on the ventral side 
of the gill-crate, there is in the middle 
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line a ciliated groove with a glandular I pulsating in their whole length, and thus 
wall (the hypobranchial groove), which is driving the colourless blood through the 
also found in the Ascidia and the larva: of | entire body. On the under-side of the 
the Cyclostoma. It is interesting because < gill-crate, in the middle line, there is 
thyroid gland in the laiynx of the trunk of a large vessel that corres- 

the higher vertebrates (underneath the I ponds to the heart of the 

“.\dam’s apple”) has been developed from it I brates and the trunk of the hi 
Behind the respiratory part of the gut ! arterj- that proceeds from it ; tin 

or liver (hepatic) gut. The small particles ' number of small v.-isculararJu 

that the .\mphioxus takes in with the each side from this branchial arterv, and 
water— infusoria, diatoms, particles of form little heart-shaped swellings or 
decomposed plants and animals, etc— />w/A»//a .at their points of departure , 
pass from the gill-crate into the digestive they advance along the branvliial arches, 
part of the canal, and are used up as fixxl. befveen the gill-clefts and the fort -gut. 
From a somewhat enlarged portion, that ^ and unite, as branchial veins, above the 
corresponds to the stomach (Fig. 210 c), , gill-crate in a large trunk blixxl-v essel 
a long, jxiuch-like blind sac proceeds ' that runs under the chorda dorsalis 
straight forward (f). it lies lerncath .This is the principal artery or pniiiitive 



on the left side of the gill-crate, and ends 
blindly about the middle of it. This is 
the liver of the Amphioxus, the simplest 
kind of liver that we meet in any verte- 
brate. In man also the liver devciopes, 
as we shall see, in the shape of a pouch- 
like blind sac, that forms out of the 
alimentary canal behind the stomach. 

The formation of the circulatory system 
in this animal is not less interesting. All 
the other vertebrates have a compressed, 
thick, jwuch-shaped heart, whicn deve- 
lopes from the wall of the gut at the 
throat, and from which the blood-vessels 
proceed; in the Amphioxus there is no 
special centralised heart, driving the 
blood by its pulsations, lliis movement 
IS effected, as in the annelids, by the thiu 
blood-vessels themselves, which discharge 
the function of the heart, contracting and 


aorta (Fig. 214 />). The hninches which 
It gives off to all p.irts of the hixly unite 
again in a larger venous vessel .at the 
underside of the gut, called the subintes- 
tinal vein (Figs 2ioe/, 212 A). This single 
mam vessel of the .Amphioxus gix;s like .1 
closed circular water-conduit along the 
alimentary canal through the whole body, 
and pulsates in its w'holc length above 
and tcIuw'. When the upper tube con- 
tracts the lower one is filled with blood, 
and vice versA. In the upper tube the 
blood flows from front to rear, then back 
I from rear to front in the lower vessel. 
The whole of the long tube that runs 
' along the ventral side of the alimentary 
I canal and contains venous blood may be 
j called the “ principal vein,” and ^y be 
compared to the ventral vessel in the 
1 worms. On the other hand, the long 
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straight vessel that runs along tlie dorsal 
line of the gut above, between it and the 
chorda, and contains arterial blood, is 
clearly identical with the aorta or principal 
artery of the other vertebrates ; and on 
the other side it inay be compared to the 
dorsal vessel in the worms. 

The coeloma or body-cavity has some 
very important and distinctive features in 
the Amphioxus. The embryology of it is 
most instructive in connection with the 
stem-history of the body-cavity in man 
and the other vertebrates. .\s we liave 
already seen (Chapter X ), in these the 
two coclom-pouches are divided at an 
early stage by transverse constrictions 


>16 A). As a matter of fact, this atnum 
(commonly called the peribranchial cavity) 
is a secondaiy structure formed by the 

development of a couple of lateral " 

folds or gill-covers ( RT,, U ). The 
body-cavity (Lhj is very narrow and 
entirely closed, lined with epithelium 
The peribranchial cavity (A ) is full of 
water, and its walls are lin^ with the 
skin-sense layer , it opiens outwards in 
• the rear through the respiratory pore 

the inner surface of these mantle- 
folds fH,), in the ventral half of the 
wide mantle cavity (atrium), we find the 
sex-organs of the Amphioxus. At each 



fibrtr friatc. / 


ansverse section of a younff Arophtoxus, immediateU after meUmorphiwiit. throu^ t\\ 
'il (ivtwecn the atnuni<a\itv and the anua). Fio 915.— Dlacrram of DPOOedlni^. (Froc 
rpidermiii, B mcdulUir) tube, C cKmla. D aorta, E ^naceral epithelium, r subintestinal veil 




I, / dtmail fin. //„ a 


1, 6 dcin-fibre plate, J gut- 


into a double row of primitiw segments 
(Fig. 124), and each of these subdivides, 
by a frontal or lateral constnction, into 
•in upper (dorsal) and lower (ventral) 
pouch. 

These impvirtant structures arc seen 
clearly in the trunk of the amphi- 
oxus(the Utter third. Figs 212-215), but 
it is otherwise in the head, the foremost 
third (Fig 216) Here we find a number 
of complicated structures that cannot be 
understood until we have studied them 
on the embryological side in the next 
chapter (cf. Fig. 81). Tlie branchial 

<r.O line In n envilv fitloH 

with water, which was w'rongly thought 
formerly to be the body -cavity (Fig 


I side of the branchial gut there are 
I between tw-enty and thirty roundish four- 
I corned sacs, which can clearly be seen 
I from without w'ith the naked eye, as they 
' shine through the thin transparent body- 
I wall. These sacs are the sexual glands ; 
they arc the same size and shape in both 
sexes, only dificring in contents. In the 
female they contain a quantity of simple 
ova (Fig. 219^), in the male a number 
of much smaller cells that change into 
mobile ciliated cells (sperm-cells). Both 
sacs lie on the inner wall of the atrium, 
and have no special outlets. When the 
fivn of tlw fisinale and the snerm of the 
male are ripe, they fall into the atrii 
pass through the gill-clefts into the f 
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gut, and are ejected through the mouth, other vertebrates (Fig. ai8 El). Their 
Above the sexiial glands, at the dorsal internal aperture (Fig. 317 E() opens into 
angle of the atrium, we find the kidneys, the body-cavity ; their outer aperture into 
Thrae important excreto^ organs could the atrium (C). The prorenal canals lie in 
not be found in the Amphioxus for a long the middle hi the line of the head, outwards 



time, on account of their remote position rom the uppermost section of the gill- 
and their smallness ; they were discovered irches, and nave important relations to 
in 1890 by Theodor Boveri (Fig. 217 s:). he branchial vessels (H). For this 
They are short segmented canals, corres- eason, and in their whole arrangement, 
ponding to the primitive kidneys of the he primitive kidneys of the Amphioxus 



c'atnum, bodycnvit) , E ruvcral cant), /^HubintcM- 
tinal von. (w nnrta (tne left branch connected b) a 
branchial lowel with the aubinteiitinal ion), renal 


compare them mth the familiar organi- 
sation of man, we shall find an immense 
distance between the tt^o. As a fact, the 
hif^hest summit of the \crtebmte organi- 
sation which man represents is in e\ery 
respect so fur above the lowest stage, at 
which the lancelet remains, that one would 
at first scarcely believe it possible to class 


embry'onit, development, to convince our- 
selves of our close relationship to the 
lancelet. (Cf. Chapter XI ) _ 

It IS true that the Amphioxus is far 
below all other living vertebrates. It is 
true that it has no separate head, no 
developed brain or skull, the charac- 
teristic feature of the other vertebrates. 



i88 STRUCTURE OF THE LAHCELET AND THE SEA-SQUIRT 


It is (probably as a result of degeneration) j familiar delicacy in their marine form 
without the auscultory organ and the ' These Cyclostoma are usually classified 
centralised heart that all the others ha\e; i with the fishes. But they are far below 
and it has no fully-formed kidnets the true fishes, and form a very interest- 
Every single organ in it is simpler and • ing connecting-group between them and 
less advanced than in any of the others j the lancelet One uin see how closely 
Yet the characteristic connection and j they approach the latter by coinp<iring a 
arrangement of all the organs is just the ' voting lamprev with the •\mphloxus The 
same as in the other vertebrates All chorda is of the s<tnie simple character in 
these, moreover, pass, during their em- both , also the medullarv tube, tluit lies 


c development, through a stage in 
wliicn their whole organisation is no , 
higher than that of the Amphioxus, hut 
is substantially identical w ith it. 



above the chorda, and the 
canal below it However, in the lamprcy 
the spinal cord s^vells in front into a 
simple pear-shaped cerebral vesicle, and 
at each side of it there are a verj simple 
eve and a rudimentarv auditory vesicle 
The nose is a singfe pit, as m the 
.Amphioxus. The two sections of the gut 
are also just the same and very rudimen- 
tary in the lamprey On the other hand, 
we sec a great advance in the structure ol 
the he<irt, w'hich is found underneath the 
gills in the shapie of a centralised muscular 
tube, and is div ided into an auricle 
and .1 ventricle L.iter on the lamprey 
advances still further, and gets a skull, 
five cerebral vesicles, a senes of indepen- 
dent gill-pouches, etc This makes all 
ilw> mon> ini tmg the striking resem- 
blance ol its immature l.irva to the 
developed and sexually mature Amphioxus 
While the Amphioxus is thus conncctc'd 
through the Cyclostoina with the fishes, 
and so with the series of the higher 
vertebrates, it is, on the other h.ind, very 
closely rel.ited to a lowly invertebr.ite 
m.innc animal, from which it seems to 
be entirely remote at first gl.mcc. This 
remark.tble .mim.il is the sea-squirt or 
.Ascidia, which w,is formerly thought to 
he closelv rel.ited to the mussel, .ind so 
classed m the molluscs But since the 


remarkable embryology of these anim.tls 


(touble). b atnum c dionU, cb ctKi.ima (butlynuit itc ) 
r cndostvl (hxpobranrhial trruinc), pvimadutinarwkl. 
kb Kill^rcbn, kd branchial gut, 1 livcrauhc (on the 
right, onc-suled) m musclw, m renal canalii, r spinal 
coni, tn spinal ncs-icsi, sp gitln:lufU. 


w.is discoverc-d in itjWi, there c.in be no 
I question that they h.ive nothing to do 
w'ith the molluscs To the great .istonish- 
ment of ziKiIogisis, they were found, 
in their whole individual development. 


In order to sec this quite clearly, it 
is particularly useful to compare the 
Amphioxus with the youthful forms of 
those vertebrates that are classified next 
to it. This is the class of the Cyclostoma. 
There are to-day only a few species of 


to be closely related to the vertebrates 
When fully developed the .Ascidi.e are 
shapeless lumps that would not, .it first 
sight, he taken for anim.ils ,it all The 
ov.d IxkIv, frcxjuently studdeni with knobs 
or uneven and lumpy, m which we c.m 
discover no special external org.ins, is 


be distribute in two groups. One or the floor of the sea. ‘ Many 

group comprises the hag-fishes or Myxi- species look like potatoes, others like 
noides. The other group are the Petro- melon-cacti, others like prunes. Many of 
lampreys, which are a I the Ascidiae form transparent crusts or 
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deposits on stones and marine plants. ' 
Some ol tlie larger species are eaten like ' 
oysters. Fishermen, wlio know them 
very well, think they arc not animals, but 
plants They are sold in the fish markets ' 
of many of the Italian coast-towns with 1 
other lower marine animals under the 
name of “sea-fruit” ( frutti dt mare) ' 
There is nothing about them to show that 
they are aniiruils. When they are taken i 
out of the water with the net the most 1 
one can perceive is a slight contraction of 
the body that causes water to spout out 1 
in two places The bulk of the Ascidiap ' 
are very small, at the most a few inches 
long \ few species are a foot or more in | 
length There are many species of them, ' 
and thej .ire found in every sea As in 
the case of the Acrania, we have no 
fossilised rem.iins of the class, because 
thej have no hard .ind fossihsable parts ' 
However, the} must be of great antiquitv, 
and must go b.ii.k to the primordial epoch , 
The name of “ TuniL.ites ” is giv en to the , 
whole cl.iss to which the .Ascidi.u belong, ' 
beiause the boJ} is enclosed in a thick 


las a number 
em<irkable of 

V egetal s'ubstanci 
.‘lopes of the plant 
r tile wood Th. 

ih.it h.ive <i re.il cellulose or vvoixlv coat. I 
Sometimes the cellulose m.iiitleis brightly I 
loloured, <it other times colourless Not | 
infrequentl} it is set with needles or h.iirs, | 


The hind end, which corresponds to the ' 
tail of the .-Vinphio.vus, is usu.dlv .ittachcd, 
often b\ means of regul.ir nxits The 
d0rs.1l and ventral sides differ a gcxHl de.il 
internall}, but frequently cannot be distin- 
guished extern.illy If we open the thick 
tunic or m.intlc in order to e\<imine the 
intern.d organisation, W'e first find a 
spacious c.ivily filled with w’ater — the 
mantle-cav it} 01 rc-spir.itory caviU (Fig 
330 cl) It IS also called the branchial 
cavity and the clixica, because it receives 
the excrements and sexual products as 
well as the respiratory water. The 
greater part of the respiratory cavity is 


occupied by the large grated branchial 
sac fbrj. This is so like the gill-crate 
of the .Amphioxus in its whole arrange- 
ment that the resemblance was jxiint^ 
out by the English naturalist Goodsir, 
years ago, before anything was known of 
the relationship of the two animals. As 
a fact, even in the Ascidia the mouth 
(o) opens first into this wide branchial 



sac The respiratory water passes 
through the lattice-work of the branchial 
S.IC into the branchial cavity, and is 
dccted from this by the respiratory pore 
( a'J, Along the ventral side of the 
branchial sac runs a ciliated groove — the 
hypobranchial groove which we_ have 
previously found at the same spot in the 
Amphioxus. The food of the Avidia also 
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consists of tiny organisms, infusoria, 
diatoms, parts of decomposed marine 
plants and animals, etc. These pass with 
the water into the gill-crate and the 
digestive part of the gut at the end of it, 
at first into an enlargement of it that 
represents the stomach. The adjoining 
small intestine usually forms a loop, 
bends forward, and opens by an anus 
(Fig. 220 o), nut directly outwards, but 
first into tlie mantle cavity ; from this the 
excrements are ejected by a common 
outlet (a ) tc^cther with the used-up 



•I Or^nlMUon of u Aiwldia (» 


t also usually confounded with the wide 
atrium, or peribranchial cavil} , full of 
water. 

There is 
Ascidia of 

' axial skeleton It is the more interesting 
that the j’oung animal tiuit emerges from 
the ovum has a chorda, and that there is 
a rudimentary medullar} tube above it 
The latter is wholly atrophied in the 
developed Ascidia, and looks like a small 
nerve-ganglion in front above the gill- 
‘ crate. It corresponus to the upper 
“ gullet-ganglion ’ or “ primitive brain ” 
in other vermali.i. Special sense-org.ins 
are cither wanting altogether or are oiil} 
found in a very rudimentary fonn, as 
simple optic snots and touch-corpuscles 
or tentacles tliat surround the mouth 
The muscular system is ver} slightly 
and irregularly developed Immcdi.itcly 
under the thin curium, and closely con- 
nected with it, we find a thin muscle 
e, as in the worms. On the other 
I liand, the .\scidia has a centralised heart, 
I in this respect it seems to be more 
advanced than the Amphioxus. On the 
ventral side of the gut, some distance 
behind the gill-crate, there is a spindle- 
shaped heart. It retains pcnnanently the 
simple tubular form that we find tem- 
poranl} as the first structure of the heart 
111 the’ vertebr.ites. This simple he.iri 
of the .Ascidia li.is, however, a remark- 
able pcculiarit}. It contracts in alter- 
nate directions. In all other animals 
the beat of the heart is always in the 
same direction (generall} from rear to 
front) , it changes in the Ascidia to the 
reverse direction. The heart contracts 
first from the rear to the front, stands still 
for a minute, and then begins to beat the 


alternately as arteries and veins. This 
feature is'found m the Tunicates alone. 


water and the sexu.d products. The 
outlet is sometimes called the branchial 
pore, and sometimes the cloaca or ejection- 
aperture. In many of the Ascidia; a 
glandular mass opens into the gut, and 
this represents the liver. In some there 
is another gland besides the liver, and 
***■? -r takm to represent the kidneys. 
The body -cavity proper, or coeloma, 
which is filled with blood and encloses 
the hepatic gut, is vei^ narrow in the 
Ascidia, as in the Amphioxus, and is here 


, Of the oihcr chief organs we have still 
' to mention the sexual glands, which lie 
right behind in the bodv -cavity. All the 
Ascidiac are hermaphrodites. Each indi- 
vidual has a male and a female gland, 
I and so is able to fertilise itself The 
ripe ova (Fi^. 221 o') fall directly from the 
ovary (o) into the mantle-cavity. The 

-lale sperm is condur' * *' '*;• 

the testicle (t)^ by a sf^ial duct 
(vd). Fertilisation is accomplished here, 
and in many of the .Ascidise devreloped 
embryos are found. These are then 
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ejected with the breathing-water through 
the cloaca (qj, and so “born alive.” 

If we now glance at the entire struc- 
ture of the simple Ascidia (especially 
PhallHsia, Cynthta, etc.) and compare it 
with that of the Amphioxus, we shall find 
that the two have few points of contact. 
It is true that the fully-developed Ascidia 
resembles the Ampnioxus in several 
important features of its internal struc- 
ture, and especially in the peculiar 
character of the gill-crate and gut But 


|n most other features of organisation it 
is so far removed from it, and is so unlike 
it in external appearance, that the really 
close relationship of the two was not 
discovered until their embryology was 
studied. We will now compare the 
embryonic development of the two 
animals, and find to our great astonish- 
ment that the same embryonic form 
I developes from the ovum of the .\mphioxus 
as from that of the Ascidia — a typical 
chordula. 


Chapter XVII. 

EMBRYOLOGY OF THE LANCELET AND THE 
SEA^QUIRT 


so prominent that there was the greatest 
difficulty m the earlier stages of classifica- 
tion in determining the affinity of these 
two great groups, when scientists began 
to speak of the affinity of the various 
animal groups m more than a figurative 
—in a genealogical — sense, this question 
came at once to the front, and seemed to 
constitute one of the chief obstacles to 
the carrying-out of the evolutionary 
theory. Even earlier, when they had 
studied the relations of the chief groups, 
without anv idea of re.1l genealogical 
connection, they believed they had found 
here and there among the invertebrates 
points of contact with the vertebrates. 

e of the worms, cspeci.illy, seemed to 

approach the vertebrates ih structure, 
such as t lie marine arrow -wormf' Sagitia ) 
But on closer study the .tn.ilogies proved 
untenable When Darwin gave an im- 
pulse to the construction of a real stein- 
nistory of the animal kingdom by his 
reform of the theory of evolution, the 
solution of this problem was found to be 
particularly difficult When I made the 
first attempt in my General Morphology 
(1866) to work out the theory and apply 
it to classification, I found no problem of 
phylogeny that gave me so much trouble 


But just at this time the true link was 
discovered, and at a point w’here it was 
' least expected. Towards the end of 1866 
I two works of the Russian zoologist, 
\ Kowalevsky, who had lived for some 
' time at Naples, and studied the embiyo- 
logy of the lower animals, were issued in 
I the publications of the St. Petersburg 
I Academy. A fortunate accident had 
1 directed’ the attention of this able 
I observer almost simultaneously to the 
j embryology of the lowest vertebrate, the 
.\mphioxus, and that of an invertebrate, 

I the close affinity of which to the Amphi- 
oxus had been least susp^ted, the 
.Ascidia. To the extreme astonishment of 
all zoologists who were interested ir. ;I:Ir 
important question, there turned out to 
be the utmost resemblance in structure 
from the commencement of development 
between these two very different animus 
. — the lowest vertebrate and the mi^ 
shaped, sessile invertebrate. With this 
undeniable identity of ontogenesis, which 
can be demonstrated to an astounding 
extent, we had, in virtue of the bio- 
genetic law, discovered the lon^-sought 
genealogical link, and definitely identified 
the invertebrate group that represents the 
nearest blood-relatives of the vertebrates. 
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The discovery was confirmed by other 
zoologists, aiid there can no longer be 
any doubt that of all the classes ofinver- 
tebrates that of the Tunicates is most 
closely related to the ^ertebrates, and of 
the Tunicates the nearest are the Ascidiie 
We cannot say that the \crtebrates are 
descended from the Ascidiae — and still less 
the reierse — but we can s^’ that of all the 
invertebrates it is the Tunicates, and, 
within this group, the Ascidi<e, that are 
the nearest blood-relatives of the ancient 
stem-fonn of the \erlebrates. We must 
assume as the common ancestral group 
of both stems an extinct f.imily of the 
extensile \ermaha-stem, xYic Pnihordonm j 
or Prochoniata (“primiliic chorda-ani- 
mals ”). 

In order to appreciate full) this remark- 
able fact, and espccialh to secure the 
sound basis we seek for the genealogical 
tree of the lertebrates, it is necessary to ' 
stud\ thoroughly the embrjology of both \ 
these animals, and compare the ihdii idu<il 
development of the Amnhioxus step b\ 
step with that of the Ascldia. We begin 
with the ontogeny of the Amphioxus 

From the concordant observations of 
Kowaleisky at Naples and Hatschek at 
Messina, it follows, firstlj, that the oium- 
segmentation and gastrulation of the 
Amphioxus are of the simplest character 
Thej take place in the same way as we 
find' them in many of the lower animals 
of different invertebrate stems, which 
we have already described as original or 
primordial ; the development of the 
Ascidia is of the same type Sexually - 
mature specimens of the Amphioxus, 
which are found in great quantities at 
Messina from April or May onwards, 
begin as a rule to eject their sexual 
pr^ucts in the evening; if you catch 
them about the middle of a warm night 
and put them in a ^lass vessel with sea- 
water, they immediately eject through 
the mouth their accumulate sexual pro- 
ducts, in consequence of the disturlxiiicc 
The males give out masses of sperm, and 
the females discharge ova in such quan- | 
tity that many of them stick to the fiHrils 
about their mouths. Both kinds of cells 
pass first into the mantle-cavity after the 
opening of the gonads, proceed through 
the gill-clefts into the branchial gut, and 
are discharged from this through the 
mouth. 

The ova are simply round cells. They 
are only of an inch in diameter, and 
thus are only lialf the size of the mammal 


ova, and have no distinctive features. 
The clear protoplasm of the mature ovum 
IS made so turbid by the numbers of dark 
granules of food-yelk or deutoplasm 
scattered in it that it is difficult to follow 
the process of fecundation and the 
behaviour of the two nuclei during it 
(p. 51). The active elements of the 
male sperm, the cone-shaped spermato- 
zoa, are similar to those of most other 
animals (cf. Fig. 20) Fecundation takes 
place when these lively ciliated cells of 
the sperm approach the ovum, and seek 
to penetrate into the yelk-matter or the 
cellular substance ol the ovum with their 
he.ad-part — the thicker p.irt of the cell 
that encloses the nucleus. Only one 
spei matozixvn can bore its w<iy into the 
velk at one pole of the ovum^axis, its 
head or nucleus coalesces w ith the female 
nucleus, which remains after the extru- 
sion of the directive btxlics from the 
germinal vesicle. Thus is formed the 
“ stem-nucleus,” or the nucleus of the 
“ stem-cell ” (cy tula. Fig 2). This now 
undergoes total segmentation, dividing 
into two, four, eight, sixteen, thirty-two 
cells, ami so on. In this wav vve get the 
spherical, mulbeiry-shapcHJ body, which 
vve call the morula. 

i The segmentation of the \mphioxus is 
I not entirely regular, .is was supposed 
after the first observations of Kowalevsky 
I (1866) It is not completely equal, but a 
I little unequal .As Hatschek .ifterw’ards 
found (1879), the segmentation-cells only 
I remain equal up to the morul.a-st.ige, the 
I spherical bo^’ of w'hich consists of thirtv- 
j two cells. Then, as alw.iys happens in 
' unequal scgment.ition, the more sluggish 
vegetal cells are outstrippcxl in the 
cleavage. .At the lower or vegetal pole 
of the ovum u crown of eight large ento- 
dermic cells remains for a long time 
unchangc*d, while the other cells divide, 
ow'ing to the formation of a series of 
horizontal circles, into an increasing 
number of crowns of sixtc'cn cells eaih 
.Aftcrw'ards the segmentation-cells get 
more or less irregularly displ.iced, while 
the segmentation-cavity enlarges in the 
centre of the morula ; in the end the 
former all he on the surface of the hitter, 
so that the fatus attains the f.imiliar 
hlastula shape and form* 
the wall of which consists 01 a single 
stratum of cells (Fig. 38 A-C). Tliis 
layer is the blastoderm, the simple epi- 
thelium from the cells of which all the 
tissues of the body proceed. 
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These important early embiyonic pro- 
cesses take place so quicldy in tne Amphi- 
oxus that four or five hours after fecunda- 
tion, or about midnight, the spherical 
blastula is completed. A pit-like depres- 
sion is then formed at the vegetal pole of 
it, and in consequence of this the hollow 
yiherc doubles on itself (Fig 38 D) 
This pit becomes deeper and deeper 
n'lg 38 E, F) ; at last the invagination 
(or doubling) is complete, and the inner 
or folded part of the blastula-w all lies on 
the inside of the outer wall. We thus 
get a hollow hemisphere, the thin wall of 
vv hich is made up of tw o lav ers of cells 
(Fig. 38 E). From hemispherical the 
body soon becomes almost spherical once 
more, and then oval, the internal cavity 
enlarging considerably and its mouth 
grow mg narrower (Fig 213). The form 
which the Amphioxus-embrvo has thus 
reached isa real “ cup-larva'^' or jfaxfni/a, 
of the original simple type that we have 
previously described as the “ hell-gas- 
trula " or anhif^intrula (Figs 20-35). 

.Vs in all the other animals that form an 
archigastrula, flic whole Kidy is nothing 
but a simple gastric sac or s'tomach , its 
internal cavity is the primitive gut ('^n>- 
j^s/er or archenteron. Fig. 38 35 d), 

and its aperture the primitive mouth 
( prostoma or blastopoms, o ) Tlie wall 
is at once gut-wall and body-w'all. It is 
composed of two simple cell-layers, the 
familiar primary germinal layers The 
inner layer or "the inva^inated part of 
the blastoderm, which immediately en- 
closes the gut-cavity is the entoderm, 
the inner or vegetal germ-layer, from 
which develop the vv.ill of the alimentary 
c.-inal and all its appendages, the cwlom- 
pouches, etc (Figs 35, 36 ») Tlic 
outer stratum of cells, or the non-invagi- 
nated part of the blastoderm, is the ecto- 
derm, the outer or <1nim.1l germ-layer, 
which provides the outer skin (epidermis) 
and the nervous system (e) The cells 
of the entodenn are much l.irger, darker, 
and more fatty than those of the ectoderm, 
which are clearer and less rich in fatty 
particles. Hence before and during in- 
vagination there IS an increasing differen- 
tiation of the inner from the outer layer. 
The animal cells of the outer layer soon 
develop vibratory hairs ; the vegetal cells 
of the inner layer do so much later. .A 
thread-like process grows out of each 
cell, and effects continuous vibratory 
movements. By the vibrations of these 
slender hairs the gastrula of the Amphi- 


oxus swims about in the sea, when it has 
pierced the thin ovolemma, like the gas- 
trula of many other animals (Fig. 36). 
As in many other lower animals, the 
cells have only one whip-like hair each, 
and so are called flagellate (w’hip) cells 
(in contrast with the cthated cells, which 
have a number of short lashes or cilia). 

In the further course of its rapid 
development the roundish bell-gastrula 
becomes elongated, and begins to flatten 
on one side, parallel to the long axis 
The flattened side is the subsequent dorsal 
side ; the opposite or ventral side remains 
curved. The latter grows more quickly 
than the former, with the result that the 
primitive mouth is forced to the dorsal 
side (Fig. 39). In the middle of the 
dors.-!! surface a shallow longitudinal 
groove or furrow is formed (Fig. 79), 
and the edges of the bodv rise up on each 
I side of this groove in tVie shape of two 
parallel swellings This groove is, of 
course, the dorsal furrow, and the swell- 
ings are the dorsctl or medullary sw cllings , 
they form the first structure of the central 
nervous system, the medullary tube. The 
medullary swellings now rise higher, the 
groove between them becomes deeper and 
deeper. The edges of the parallel swell- 
ings curve towards each other, and at 
last unite, and the medullary tube is 
formed (Figs. 83 w, 84 m). Hence the 
formation of a medullary tube out of the 
outer skin takes place iii the naked dorsal 
surface of the free-swimming larva of the 
.Amphioxus in just the .same way as we 
have found in the embryo of man and the 
higher .animals within the foetal mem- 
br.ines. 

Simultaneously with the construction 
of the medullary tube we have in the 
.\mphioxus-embry o the formation of the 
chorda, the coelorh-pouchcs, and the meso- 
derm proceeding from their wall. These 
processes also take place with charac- 
teristic simplicity and clearness, so that 
they are very instructive to compare with 
the vermalia on the one hand and w'ith 
the higher vertebrates on tlie other. 
While the medullary groove is sinking in 
the middle line of the fl.at dorsal side of 
the oval embiyo, and its parallel edges 
unite to form the ectodermic neural tube, 
the single chorda is formed directly under- 
neath them, and on each side of this a 
parallel longitudinal fold, from the dorsal 
w’all of the primitive gut. These longi- 
tudinal folds of the entoderm proceed from 
the primitive mouth, or from its lower 
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and hinder edge. Here we see at an early 
sta^ a c»uple of large entodermic cells, 
which are distinj^uished fram all the others 
by their great size, round form, and fine- 
grained protoplasm ; thev are the two 
promesoblasts, or polar cells of the meso- 
derm (Fig. 83 P). They indicate the 
''”:~~al starting-point of the two cceloir 
es, which grow from this spot 
and outer germinal ! 
laj'ers, sc\er themselves fronr the primi- 
tive gut, and provide the cellular material 
for the middle layer. 

Immediately after their forma ' 
two coelom-pouches of the .Amphii 
divided into several parts by longitudinal I 
and transverse folds Each of the , 
pouches Is divided Into an upper dorsj 
and a low’er ventral section by a couple of 
lateral longitudinal folds (Fig. 82). But 
these are a^in divided by several parallel 
transverse folds into a number of succes- 
sive sacs, the primitive segments orsomites 
(formerlv called by the unsuitable name of 
“ primitrve vertebrae”). They hav e a differ- 
ent future above and below.' The upper or 
dorsad segments, the eptsomites, lose their 
cav ity later on, and form with their cells the 
muscular plates of the trunk. The lower 
or ventral segments, the hyposomUes, I 
corresponding to the lateral plates of the 1 
craniote-embryo, fuse together in the 
upper part owing to the disappearance of 
their lateral walls, and thus form the 
later body-cavity (metacoci) ; in the lower 
part they remain separate, and afterwards 
form the segmental gonads 

In the middle, betw’een the two lateral 
m-folds of the primitive gut, a single 
central organ de( ' 
early stage in the middle line of its dorsal 
wall. TTiis is the dorsal chorda (Figs. 
83, 84 ch). This axial rod, whic' ' . 

■' St foundation of the later vertebral 
column in all the vertebrates, and is the 
only representative of it in the Amphioxus, 
originates from the entoderm. 

In consequence of these Important 
folding-processes in the primitive ^ut, 
the simple entodermic tube divides into 
four different sections I., underneath, 
mtral side, the permanent alimen- 
tary canal or permanent gut ; II., above, 
at the dorsal side, the axi^ rod or chorda , 
and III., the two coelom-sacs, which 
immediately sub-divide into two struc- 
tures — IIIa., above, on the dorsal side, 
the epitomiUs, the double row of primitive 
or muscular seapnents ; and Ilia., belpw, 
on each side of the gut, the hypotomites. 


the tw'o lateral plates that give rise to the 
scx-glands,and the cavities of which partly 
unite to form the bod\-c.ivity. At the 
same time, the neural or medullary tube 
is formed above the chorda, on the dorsal 
surface, by the closing of the parallel 
medullary swellings. All these processes, 
which outline the typical structure of the 
vertebrate, take place w’ith astonishing 
rapidity in the embn’o of the Amphioxus ; 
in the afternoon of the first day , or twenty- 
four hours after fertilisation, the young 

vertebrate, the typical — ~ ' -• 

X to eight somites. 

1 he chief occurrence on the second day 
of development is the construction of the 


the alimentary tube is found to tx: 
entirely closed, after the closing of 
the primitive mouth ; it only communi- 
cates behind by the neurentertc canal with 
the medullary tube The pennanent 
mouth is a secondary formation, at the 
opposite end Here, at the end of the 
second day, we find a pit-like depression 
in the outer skin, which penetrates inwards 
into the closed gut Tne anus is termed 
behind in the same way a few hours later 
(m the vicinity of the additional gastrula- 
I mouth). In man and the higher verte- 

formed, as we have scxin, as flat pits in 
the outer skin , they then penetrate 
inwards, gradually becoming connected 
with the blind ends of the closes! gut-tube. 
During the second day the Amphioxus- 
embryo undergoes few other changes. 
The number of primitive segments in- 
creases, and generally amounts to four- 
teen, some forty -eight to fifty hours after 
impregnation. 

Almost simultaneously w'lth the for ~ 
of the mouth the first gill-cleft breaks 
through in the fore section of the Amphi- 
oxus-embryo (generally forty hours after 
the commencement of development) It 

■ jlf independently, 

as the food material stored . ‘ ' 

is completely used up. The furtherdevelop 
ment of the free larvae takes place ver 
slowly, and 

The txxly becomes much longer, and is 
compressed at the sides, the head-end 
being broadened in a sort of triangle. 
Two rudimentaiy' sense-organs are deve- 
loped in it. Inside we find the first blood- 
vessels, an upper or dorsal vessel, corre- 
sponding to the aorta, between the gut 
and the dorsal cord, and a lower or vcnti^ 
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Now, the pills or rcspiratoiy organs also 
are formea at the fore-end of the alimen- 
tary canal. The whole of the anterior or 
respiratoiw section of the gut is converted 
into a gill-crate, which is pierced trellis- 
' e by numbers of branchial-holes, as in 
me ascidia This is done hy the foremost 
part of the gut-wall joining star-w ise with 
the outer skin, .tnd the formation of clefts 






we have previous 
itive Vertebrate” (Figs 98-102). 
But the body afterwards undergoes v arious 
modifications, especially in the fore-part. 
These modifications do not concern us, as 
they depend on special adaptations, and 
do not affect the hereditary vertebrate 
I type. When the free-swimming Amphi- 



^ ,Ch chorda, if later^S miui£«, Lk 

wd).ca\it}, G part of the bodv-cavit} in which the 
lexual organa are aulnequently formed D sfut-canty, 
ilothedwiththeKut-Klaiidla\erra>. .d mantlesmvity, 

■^'ipU-cletU, E epidermia, Ei tl * 

rorthdiiun of the nv— ' *■' 

tiumofthenv ' 


le mantlocavitv , Et m parietal cpithe- 


at the point of connection, piercing the 
wall and leading into the gut from with- 
out. At first there are very few of these 
branchial clefts ; but there are soon a 
- mber of them— first in one, then in two, 
^ ^ Tlie foremost gill-cleft is the oldes 

of fine gill-clefts, sujiported on a number 
of stiff branchial rods; these are connected 
in pairs by transverse rods. 

At an early stage of embryonic develop- 


oxus-larva is three months old, it abandons 
its pelagic habits and changes into the 
young animal that lives in the sand. In 
, ■ B of its smallness (one-eighth of s 
ich), it has substantially the 
;.e adult. As regards the remain- 
ing organs of the Amphioxus, we need 
only mention that the gonads or sexual 

f lands are developed very late, imme- 
iately out of the inner cdl-laver of the 
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Ixxly-cavtty. Although we can find aftcr- 
waras no continuation of the bodj -cavity 
(Fig 216 U) in the Lateral walls of the 
mantle -cavity, in the gill -covers or 
mantle-folds (Fig. 234 U), there is one 
present in the beginning (Fig. 224 Lh) 
The sexual cells are formed below, at the 
bottom of this continuation (Fig 224 S) 
For the rest, the subsequent development 
into the adult .Amphioxus of the Larva wc 
hav e followed is >0 simple that we need 
not go further into it here. 

We mav now turn to the embrvologv of 
the Ascidia, an animal that seems to 
stand so much lower and to be so much 
more simply organised, remaining for the 
greater part of its life attached to the 
iMttom of the sea like a shapeless lump 
It was a fortunate accident that Kovva- 
levsky first examined just those larger 
specimens of the .Ascidiac that show most 
ciearlv the relationship of the vertebrates 
to the invertebrates, and the Lirvas of 
which behave exactiv like those of the 
•Amphioxus in the first stages of develop- 
ment. This resemblance is so close in 
the main features that we have only to 
repeat what we have already said of' the 
ontogenesis of the .Amphioxus. 

The ov um of the Larger .Ascidia (Phal- 
lusia, Cynthia, etc.) is a simple round coll 
of sir to xix of an inch in diameter. In 
the thick fine-grained yelk we find a clear 
round germinal vesicle of about -4» of an 
inch in diameter, and this encloses a 
small embryonic spot or nucleolus 
Inside the membrane that surrounds the 
ovum, the stem-cell of the .Ascidia, after 
fecundation, passes through just the 
same metamorphoses .os the stem-cell of 
the Amphioxus. It undergoes total seg- . 
mentation ; it divides into two, four, ; 
eight, sixteen, thirty -two cells, and so on 
By continued total cleavage the morula, , 
or mulberry-shaped cluster of cells, is ! 
formed. Fluid gathers inside it, and : 
thus we get once more a globular vesicle I 
(the blastula) ; the wall of this is a single 
stratum of cells, the blastoderm. A real | 
gastrula (a simple bell-gastrula) is formed . 
from the blastula by invi^ination, in the | 
same way as in the amphioxus j 

Up to this there is no definite ground j 
in tne embryolo^ of the Ascidiae for | 
bringing them into close relationship { 
with the Vertebrates ; the same gastrula | 
is formed in the same way in many other ' 
animals of different stems. But we now 
find an embryonic process that is peculiar I 
to the Vertelmtes, and that proves irre- ' 


I fragably the affinity of the Ascidia: to the 
Vertebrates From the epidermis of the 
gastrula a medullary tube is formed on the 
j dorsal side, and, between this and the 
I primitive gut, a chorda, these are the 
j organs th.it arc otherwise only found in 
Vertebrates. The formation of these 
verjr important orpans takes pLice in the 
.Ascidia-gastrula in precisely the same 
way ns in that of the Vmphioxus In the 
.\scidia (as in the other c.ise) the ov.il 
gastrul.a is first fl.iltened on one side — 
the subsequent dors.il side. .A grixive or 
furrow (the medullary groove) is sunk in 
the middle line of the fl.it surf.tce, .ind 
two p.ir<allcl lungitudin.il swellings .arise 
on either side Irom the skin Liver These 
medullary swellings join together over 
the furrow, and form a tube, in this case, 
■ig.iin, the neural or medull.iry tulie is .it 
first open in front, .ind connected with 
the primitive gut behind by the neuren- 
teric c.tn.al Further, in the .\si iji,i-l,ir\.i 
also the two perm.inent apertures of the 
alimentary c.in.il only appear later, .is 
independent and new' form.itions The 
permanent mouth docs not develop from 
the primitive mouth of the g,istiul.t , this 
primitive mouth closes up, and the Liter 
anus Is formed near it bv inv.igm.ition 
from without, on the hinder end ol the 
bodv, opposite to the .iperture of the 
medullary tube 

During these important proiessis, tli.it 
take place m just the s.ime w.iy in the 
Amphioxus, ,i t.iil-hke projection grvivvs 
out of the posterior end of the l.irv. -Sodv , 
and the larva folds itself upvvilhin the 
round ovoleinm.i in such a wav that the 
dorsal side is curved and the t,iil is forced 
on to the ventral side. In this t.nl is 
developed— starting from the primitive 
gut— .1 cy lindrical string of cells, the fore 
end of which pushes into the body of the 
Larva, between the aliment.irv t.inal and 
the neural canal, and is no otfier than the 
chord.i dorsalis. This import.mt org.m 
h.id hitherto been found only in the 
Vertebrates, not a single trace of it being 
discoverable in the Invertebrates At 
first the chorda only consists of a single 
row of large cntoderniic cells. It is 
afterwards composed of several rows of 
cells. In the Ascidia-I.arva, also, the 
chorda developes from the dorsal middle 
part of the primitive gut, while the two 
coelom-poucnes detach themselves from it 
on both sides. The simple body-cavity is 
formed by the coalescence of the two. 

When the Ascidia-larva has attained 
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this stage of development it begins to 
move about in the ovolemma. This 
causes the membrane to burst. The 
|ar\a emerges from it, and swims about 
ans of its oar-like tail 

These fro „ 

have been known for a long time. They 
were first observed by Darwin during 
his \oyage round the world in 1833 
They resemble tadpoles in outward 
appearance, and use their tails as oars, 
as the tadpoles do However, this lively 
and highly-developed condition does not 
last lung. .-Vt first there is a progressive 
development , the foremost part of the 
medullary tube enlarges into a brain, 
and inside this two single sensc-org,ans 
are developed, a dorsal auditory vesicle 
and a ventral eye. Then a heart is 
formed on the ventral side of the animal, 
or the lower wall of the gut, in the same 
simple form find at the same spot at 
w Inch the heart is dev eloped in m.in and 


solid, spindle-shaped 


backw.ird, as is the case with the adult 
Ascidia. In this wav the sanguineous 
fluid accumulated in tfie hollow muscular 
tube is driven in alternate directions into 
the bhxxl-vesscls, which develop at both 
ends of the c^u'di.ic tube. One princip<il 
vessel runs along the dvirsal side of the 
gut, another along ib. ventral side. The 
former corresponds to the .lorta and the 
dorsal vessel in the worms. The other 
corresponds to the submtestinal vein and 
the ventr.il vessel of the worms 

With the fonnalion of these organs the 
progressive development of the Ascidia 
comes to .in end, and degeneration sets 
in The frc’e-svvimming l.u v a .sinks to the 
floor of the sea, abandons its locomotive 
habits, and attaches itself to stones, 
marine plants, mussel-shells, corals, and 
other objects ; this is done with the part 
of the Ixxlj that was foremost in move- 
ment The attachment is effected by a 
number of out-growths, usu.illy three, 
which can be seen even in the free- 
swimming l.irv.i. The tail is lost, as 
there is no further use for it. It under- 
goes a fatty degeneration, and disappears 
with the chordii dorsalis. The tailless 
body changes into an unshapely tube, 
and, by the atrophy of some parts and 
the modification of others, gradually 


assumes the appearance we have already 
described. 

Among the living Tunicates there is a 
very interesting group of small animals 
that remain throughout life at the stsjge 
of development of the tailed, free Ascid&> 
larva, and swim about briskly in the sea 
by means of their broad oar-tail. These 
are the remarkable Ckipelata {Appendi- 



carta and Vexillarta, Fig. 325). They 
are the only living Vertebrates that have 
throughout life a chorda dorsalis and a 
neui^ string above it , the latter must be 
regarded as the prolongation of the 
cerebral ganglion and the equivalent of 
the medullarv tube. Their branchial gut 
also opens directly outwards by a pair of 
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branchial clefts. These instructive Cope- 
lata, comparable to permanent Ascioia- 
larvse, come next to the extinct Prochor- 
donia, those ancient worms which we 
must regard as the common ancestors of 
theTunicates and Vertebrates. Thechorda 
of the .\j^ndicaria is a long, cylindrical 
string (^. 225 c), and serves as an 
-...ichment for the muscles that work the 
flat oar-tail. 

.Among the various modifications which 
the .Ascidia • larva undergoes after its 
establishment at the sea-floor, the most 
interesting (after the loss of the axial rod) 
is the atrophy of one of its chief organs, 
the m^ullary tube. In the Amphioxus 
the spinal marrow continues to develop, 
but in the .Ascidia the tube soon shrinks 
into a small and insignificant nervous 
ganglion tliat lies abose the mouth and 
the gill-crate, and is in accord with the 
extremely slight mental power of the 
animal. This insignificant relic of the 
medullary tube seems to be quite beyond 
comparison with the nervous centre of 
the vertebrate, yet it started from the 
same structure as the spinal cord of the 
.Amphioxus. The sense-organs that had 
been developed in the fore part of the 
neural tube are also lost ; no trace of 
them can be found in the adult .Ascidia 
On the other h.ind, the alimentary canal 
becomes a most extensive organ It 
divides presently into two sections— a 
wide fore or branchial gut that serves for 
respiration, and a narrower hind or 
hepatic gut that accomplishes digestion. 
The branchial or head-gut of the Ascidia 
is small at first, and opens directly out- 
wards only by a couple of lateral ducts or 
gill-clefts— a permanent arrangement in 
theCopelata. The gill-oiefts are developed 
in the same way as in the .Amphioxus. 

‘ ’ ■ umber greatly 11 

a large gill-crate, pierced like lat 
work. In the middle line of its ven' 
side we find the bypobranchial groc . 
Tile mantle or cloaca-cavity (the atrium) 
that surrounds the gill-crate is also 


formed in the same way in the Ascidia as 
in the .Amphioxus. The ejection-opening 
of this peribranchial cavity corresponds to 
the branchial pore of the Amphioxus. In 
the adult Ascidia the branctiial gut and 
the heart on its ventral side are almost 
the only organs that recall the original 
affinity with the vertebrat 

The further development of the Ascidia 
j in detail has no particular interest for us, 
and we will not go into it. The chief 
' result that we obtain from its embryo- 
logy is the complete agreement with that 
of the .Amphioxus in the earliest and most 
important embryonic stages. They do 
not begin to diverge until after the 
medullary tube and alimentary canal, and 
the axial rod with the muscles between 
the two, have been formed The 
Amphioxus continues to advance, and 
resembles the embryonic forms of the 
higher vertebrates , the Ascidia degene- 
rates more and more, and at last, in its 
adult condition, has the appearance of a 
very imperfect invertebrate. 

If we now look back on all the remark- 
able features we have encountered in the 
.structure and the embryonic development 
of the Amphioxus and the Ascidia, and 
compare them with the features of man’s 
embryonic development which we have 
previously studied, it will be clear that I 
nave not exaggcr.iled the importance of 
these very interesting animals. It is 
evident that the Amphioxus from the 
vertebrate side and the .Ascidia from the 
invertebrate form the bridge by which we 
can span the deep gulf that separates the 
two great divisionsof the animal kingdom. 
The radical agreement of the lancelet and 
the sea-squirt in the first and most impor- 
tant stages of development shows some- 
thing more than their * 
affinity and their proximitv in cla.ssitica- 

tion, itshowsa' nlblood-relatir 

ship and their origin 

and the same s In tl ^ 

throws considerable light on the oldest 
roots of man’s genealogical ti 
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DURATION OF THE HISTORY OF OUR STEM 


Our conip<iraiive invc^ti((ation of the 
anatomy and ontogeny of the Amphioxus ' 
and Asetdia has given us invaluable 
assistance. We ha\e, in the first place, ! 
bridged the wide gulf that has existed up , 
to the present between the Vertebrates | 
and Invertebrates; and, in the second! 
place, we have discovered in the embryo- 
logy of the Amphioxus a number ofj 
ancient evolutionary stages that have ' 
long since disappeared from human | 
embryology, and have been lost, in 
virtue of the law of curtailed heredity. . 
The chief of t hese stages are the spherical ■ 
blastula (in its simplest primary form) 
and the succeeding archigastrula, the 
pure, original form of \.\\t gaslrula which ■ 
the Amphio.xus has preserved to this day, 
and which we find in the same form in a 
numberof Invertebrates of various classes. 
Not less important are the later embryonic 
forms of the coelomula, the chordula, etc. 

Thus the embi^'ology of the Amphioxus 
and the .Ascidia has so much increased 
our knowledge of man’s stem-history that, 
although our empirical information is 
still very incomplete, there is now no , 
defect of any great consequence in it. ' 
We may now, therefore, approach our 
proper task, and reconstruct the phylo- 
geny of man in its chief lines with the aid _ 
of this evidence of comparative anatomy ' 
and ontogeny. In this the reader will 
soon see the immense importance of the 
direct application of the biogenetic law. . 
But before we enter upon the work it will 
be useful to make a few general obscr\a- , 
tions that arc necessary to understand the 
processes aright. 

We must say a few words w ith regard 
to the period in which the human race 
was evolved from the animal kingdom. 
The first thought that occurs to one in { 
diflere 

hetween the duration of man’s ontogeny 
and phytogeny. The individi ' 
needs only nine months for his mpletc 
development, from the fecundatii of the 
ovum to the moment when he leaves the 
maternal womb. The human embiyo 
runs its \vhole course in the brief space of 


forty weeks (as a rule, 280 days). In 
many other mammals the time of the 
embryonic development is much the same 
as in man— for instance, in the cow. In 
the horse and ass it takes a little longer, 
forty-three to forty-five weeks , in the 
camel, thirteen months. In the largest 
mammals, the embryo needs a much 
longer period for its development in the 
womb— ^ year and a half in the rhinoceros, 
and ninety weeks in the elephant. In 
these cases pregnancy lasts twice as long 
as in the case of man, or one and three- 

a uarter years. In the smaller mammals 
le embryonic period is much shorter. 
The smallest mammals, the dwarf-mice, 
develop in three weeks ; hares in four 
weeks, rats and marmots in five weeks, 
the do^ in nine, the pig in seventeen, the 
sheep in twenty-one and the goat in 
thirty-six. Birds develop still more 
quickly. The chick only needs, in normal 
circumstances, three weeks for its full 
development. The duck needs twenty- 
fi\e days, the turkey twenty-seven, the 
peacock thirt}'-one, the swan forty-two, 
and the cassowary sixty-five. The 
smallest bird, the humming-bird, leaves 
the e^g after twelve days. Hence the 
duratmn of individual development within 
the foetal membranes is, in the mammals 
and birds, clearly related to the absolute 
size of the body of the animal in question. 
But this is not the only determining 
feature. There are a number of other 
circumstances ihat have an influence on 
the period of embrj’onic development 
In the Amphioxus the earliest and most 
important embryonic processes take place 
so rapidly that the blastula is formed in 
four hours, the gastrula in six, and the 
typical vertebrate form in twentj-four. 

In e\ery case the duration of ontogeny 
‘..inks into —-I„ 

pare it wnth the enormous period that has 
Ixien necessary for phylogeny, or the 
gradual development of the ancestral 
scries. This period is not measured by 
years or centuries, but by thousands and 
millions of years. Many millions of years 
had to pass before the most advanced 
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vertebrate, man, was evolved, step by 
step, from his anclentunicellularancestors. 
The opponents of evolution, who declare 
that this gradual development of the 
human form from lower animal forms, and 
ultimately from a unicellular organism, ts 
an incredible miracle, forget that the same 
miracle takes place within the space of 
nine months in the embrjonic development 
of every human being. Each of us has, in 
the forty weeks — proj^rly speaking, in the 
first four weeks — of his de\elopment in the 
womb, passed through the same series of 
transformations that our animal ancestors 
undenvent in the course of millions of 
years 

It is impossible to detennine even 
approximately, in hundreds or even thou- 
sands of years, the real and absolute dura- 
tion of the ph) Ic^cnetic period. But for 
some time now we ha\e, through the 
research of geolc^ists, been in a position | 
to assign the relatn e length of the various 
sections of the organic history of the earth 
The immediate data for determining this 
relatite lenj^th of the geological periods 
are found in the thickness of the sedi- 
mentary strata — the strata that have been 
formed at the bottont of the sea or in 
fresh water from the mud or slime 
deposited there. These successive layers 
of limestone, sandstone, slate, marl, etc , 
which make up the greater part of the 
rocks, and are often several thousand feet 
thick, gi\e us a standard for computing 
the relative length of the various periods 

To make the point quite clear, I must 
say a word about the evolution of the 
earth in general, and point out briefly the 
chief features of the story In the first 
place, w’e encounter the pnnciple that on 
our planet organic life began to exist at 
a definite period. That statement is no 
longer disputed by any competent geolo- 
gist or biolc^ist. The organic history of 
the earth could not commence until it was 
fusible for w'ater to settle on our planet in 
fluid condition. Eveiy organism, without 
exception, needs fluicl water as a condi- 
tion of existence, and contains a consider- 
able ouantity of it. Our own body, when 
fully formed, contains sixty to seventy per 
cent, of water in its tissues, and only 
thirty to forty per cent, of solid matter 
There is even more water in the body of 
the child, and still more in the eml^o. 
In the earlier stages of development the 
human feetus contains more tran ninety 
per cent, of water, and not ten per cent, of 
solids. In the lower marine animals, 


especially certain medusae, the body con- 
sists to the extent of more than ninety- 
nine per cent, of sea-water, and has not 
one per cent, of sol id matter. No organism 
can exist or discharge its functions with- 
out water. No water, no life ! 

But fluid water, on which the existence 
of life primarily depends, could not exist 
on our planet until the temperature of the 
surface of the incandescent sphere had 
sunk to a certain point. Up to that time 
it remained in the form of steam But as 
soon as the first fluid water could be con- 
densed from the envelope of steam, it 
l^an its geological action, and has con- 
tinued down to the present day to modify 
the solid crust of the c.arth. The final 
outcome of this incessant action of the 
water — wearing down and dissolv ing the 
rocks in the form of rain, hail, snow, and 
ice, as running stream or Killing surge — 
I is the formation of mud. As Huxley says 
in his admirable Lectures on the Causes of 
Phenomena tn Organic Nature, the chief 
document as to the past history of our 
earth is mud ; the question of the history 
of past ages resolves itself into a question 
about the formation of mud. 

As I have said, it is possible to form an 
approximate idea of the relative age of 
the various strata by companng them at 
different parts of the earth’s surface 
Geologists have long been agreed that 
there is a definite historical succession of 
the different strata The various super- 
imposed lavers corresrxind to succes.sive 
periods in the organic histoiy of the earth, 
in which they were deposited in the form 
of mud at the bottom of the sea The 
mud w'as gradually converted into .stone 
This was lifted out of the water pwing to 
variations in the earth's surface, and 
formed the mountains. As a rule, four 
or five great divisions are distinguished 
in the organic history of the earth, corre- 
sponding to the larger and smaller groups 
of the s^imentary strata The larger 
periods are then sub-divided into a series 
of smaller ones, which usually number 
from twelve to fifleen. The comparative 
thickness of the groups of strata enables 
us to make an approximate calculation of 
the relative length of these various periods 
of time. We cannot say, it is true, “ In 
a century a stratum of a certain thickness 
(about two feet) is formed on the average ; 
therefore, a layer 1,000 feet thick must be 
500,000 years old.” Different strata of 
the same thickness may need very^different 
periods for their formation. But from 
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the thickness or size of the stratum we | (7 . 6) indicate — possibly 9*6. Of late 
1 ~— rrr-? mclusion as to the | years the thickness of the archaic rocks 
relative length of the period. has been put at 90,000 feet. 

The first and oldest of the four or five The pnmordial period falls into three 
chief divisions of the organic histoiyof subordinate sections — the Laurentian, 
the earth is called the primordial, archaic, Huronian, and Cambrian, corresponding 
or archeozoic period. If we compute the to the three chief groups of rock! * 
total average thickness of the sedimentary iprise the archaic formation. The 

strata at about 130,000 feet, this first I immense period during which thes 

SYNOPSIS OF THE PALEONTOLOGICAL FORMA- 
TIONS, OR THE FOSSILIFEROUS STRATA OF 
THE CRU.ST 
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period comprises yo,ooo feet, or the greater 
part of the whole. For this and other 
reasons we may at once conclude that the 
corresponding primordial or archeolithic 
period must have been in itself much 
lon^lfer than the whole of the remaining 
periMS together, firtmi its dose to the 
present day. It was probably much 
longer than the figures 1 have quoted 


were forming in the primiti\e ocean 
probably comprises more than 50,000,000 
years. At the commencement dT it the 
oldest and simplest organisms were 
formed by spontaneous generatkm — ^the 
Monera, with which the history of life on 
our danet opened. From tnese were 
first aevelopeci unicellular orfi^isms of 
the simpled character, the Protoidiyta 
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and Protv>zoa (paulotomea, amoebte, rhizo- 
pods, infusona, and other Protista). 
During this period the whole of the 
invertebrate ancestors of the human race 
were evolved from the unicellular organ- 
isms. We can deduce this from the fact 
that we alreadv find reniains of fossilised 
Ashes (Selachif and Ganoids) towards the 
close of the following Silurian period. 
These are much rarn ^vanced and much 
youncer than the lowest \ertebrate, the 
.\mphioxus, and the numerous skull-less 

Ttebrates, related to the .\mphioxus. 
that must have lived at that time. The 
whole of the in\ertebrate ancestors of the 
human race must have preceded these. 

The primordial age is followed by a 
much shorter division, the paleasoic or 
Prin'ary age. It is di\ idod into four lon^ 
periods, the Silurian, Devonian, Carboni- 
ferous, and Permian. The Silurian strata 
are {»rticularly interesting because they 
contain the first fossil traces of \ ertebrates 
— teeth and scales of Selachii ( Palaodut ) 
in the lower, and Ganoids ( Pteraspts ) in 
the upper Silurian. During the Devonian 
period the **old red sandstone” was 
formed ; during the Carboniferous period 
were deposited the vast coal-measures 
that }ield us ourchief combustivc material, 
in the Permian (or the Dvas), in fine, the 
new' red sandstone, the Zechstein (mag- 
nesian limestone), and the Kupferschiefer 
(marl-slate) were formed. The collective 
depth of these strata is put at 40,000 to 
45,000 feet. In any case, the paleozoic 
age, taken as a whole, was much shorter 
than the preceding and much longer than 
the subsequent penods. The strata that 
were deposited during this primar>'e|wh 
contain a large numter of fossils ; besides 
the invertebrate species there are a good 
many vertebrates, and the fishes prepon- 
derate. There were so manv fishes, 
especially primitive fislies (of tfie shark 
^pe) and plated fishes, during the 
Iwvonian, and also during the Carboni- 
ferous and Permian periods, that we may 
describe the whole paleozoic period as 
“the age of fishes.” Among the paleozoic 
plated ^hes or Ganoids the Crossopterygii 
and the Ctenodipterina (dipneusts) are of 
great importance. 

Ftiirinof this *^riod some cf the fishes 

began to adapt themselves to livdng on 

land, and so mve rise to the class of the 
amphibia. We find in the Carboniferous 

period fossilised remains of five-toed 

amphibia, the oldest teirestria], air- 

bteathing vertebrates. These amphilaa 


increa.se in variety in the Permian epoch. 
Towards the close of it we find the first 
Amniotes, the ancestors of the three higher 
classes of Vertebrates. These are lizard- 
like animals; the first to be discovered 
was the Proterosaurus, from the marl at 
Eisenach. The rise of the earliest 
Amniotes, among which must have been 
I the common ancestor of the reptiles, birds, 
' and mammals, is put back lowai^s the 
close of the paleozoic age by the dis- 
covery of these reptile remains. The 
ancestors of our race during this period 
were at first represented by true fishes, 
then by dipneusts and amphibia, and 
finally by the earliest Amniotes, or the 
Protamn totes. 

The third chief section of the organic 
history of the earth is the Mesosotc or 
Secondary period. This again is sub- 
divided into three divisions : Triassic, 
Jurassic, and Crct.aceous. The thickness 
of the strata that were deposited in this 
period, from the beginning of the Triassic 
to the end of the Cretaceous period, is 
altogether about 15,000 feet, or not half 
as much as the paleozoic deposits. 
During this period there w'as a v erv brisk 
and manifolu development in all branches 
of the animal kingdom. There were 
especiallv <i number of new and interest- 
ing form's evolved in the vertebrate stem. 
Bon) fishes (Telcosh'tJ make their first 
appear.ince. Reptiles are found in extra- 
ordin.iry variety and number; the extinct 
giant - serpents (dinosauria), the sea - 
serpents (halisauria), and the fl>ing 
lizards (pterosauria) are the most remark- 
able and best known of these. On 
account of this predominance of the 
reptile-class, the j^riod is called "the 
age of reptiles.” But the bird-class was 
airo evolved during this period ; they 
certainly originated from some div ision of 
the lizard-like reptiles. This is proved 
b)' the embryological identity of the birds 
and reptiles and their comparative 
anatomy, and, among other features, 
from the circumstance that in this period 
there were birds with teeth in their jaws 
and with tails like lizards (Arclueopteryx, 
Odontomis). 

Finally, the most advanced and (for us) 
the •m’XM-tar.t cf the verted 

brates, the mammals, made their appear- 
ance durinc^ the mesozoic period. The 
earliest fossu remains of them were found 
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in the Jurassic, and some in the Creta- 
ceous. All the mammal remains that we 
have firom this section belong to the lower 
promammals and marsupials ; among 
these were most certainly the ancestors 
of the human race. On the other hand, 
we liave not found a single indisputable 
fossil of any higher mammal (a placental) 
in the whole of this period. 11118 division 
of the mammals, which includes man, 
was not developed until later, towards the 
close of this or in the following pwriod. 

The fourth section of the organic history 
of the earth, the Tertiary or Cenoaotc 
age, was much shorter than the pre- 
ceding The strat.i that were deposited 
during this period have a collective thick- 
ness of only about 3,000 feet. It is sub- 
divided into four sections — the Eocene, 
Oligocene, Miocene, and Pliocene During 
these periods there was a very varied 
development of higher plant and animal 
forms , the fauna and flora of our planet 
approached nearer and nearer to the 
character that they bear to-daj In 
particular, the most advanced class, the 
mammals, began to preponderate. Hence 
the Tertiarj' period may be called “ the 
age of mammals ” The highest section of 
this class, the placentils, now made their 
appearance , to this group the human 
race belongs. The first appearance of 
man, or, to be more precise, the develop- 
ment of man from some closelv -related 
group of apes, probably falls in cither the 
miocene or the pliocene period, the middle 
or the l.ist section of the Tertiary period. 
Others believe that man properly sc><alled 
—man endowed with speech — was not 
evolved from the non-speaking ape-man 
(Pithecanthropus) until the following, 
the anthropozoic, age. 

In this fifth and last section of the 
organic history of the earth we have the 
full development and dispersion of the 
various races of men, and so it is 
called the Anthroposoic as well as the 
Quaternary period. In the imperfect 
condition of paleontological and ethno- 
graphical science we cannot as yet give a 
confident answer to the question whether 
the evolution of the human race from 
some extinct ape or lemur took place at 
the beginning of this or towards the 
middle or the end of the Tertiary period. 
However, this much is certain : the 
development of civilisation falls in the 
anthropozoic age, and this is merely an 
insignificant fraction of the vast period of 
the whole history of life. When we 


remember this, it seems ridiculous to 
restrict the word “ history” to the civilised 
period. If we divide into a hundred 
equal parts the whole period of the history 
ot life, from the spontaneous generation 
of the first Monera to the present day, 
and if we then represent the relative 
duration of the five chief sections or ages, 
as calculated from the average thickness 
of the strata they contain, as percentages 
of this, we get something like the follow- 
ing relation — 

I Archeolithic or archcozoic (prim- 
ordial) age 53 6 

11 . Paleolithic or paleozoic (primary) 

age 32 I 

III Mesolithic or mesozoic (secon- 
dary) age 11 5 

IV’. Cenolithic or ccnozoic (tertiary) 

age 2 3 

V. Anthropolithic or anthropozoic 

(quaternary) age . o 5 



In any case, the “ historical period ” is 
an insignificant quantity compared with 
the vast length of the preceding ages, in 
V* hich there was no question of human 
existence on our planet. Even the im- 
portant Cenozoic or Tertiary' period, in 
which the first placentals or higher 
mammals appear, probably amounts to 
little over two per cent, of the whole 
organic age. 

Before we approach our proper task, 
and, with the aid of our ontogenetic 
.icquirements and the biog^netic law, 
follow step by step the paleontolc^cal 
development of our animal ancestors, let 
us glance for a moment at another, and 
apparently quite remote, branch of science, 
a general consideration of which w'ill help 
us in the solving of a difficult problem. 
I mean the science of comparative philo- 
Ic^y. Since D.^rwin gave new life to 
biology by his theory of selection, and 
raised the question of evolution on all 
sides, it has often been pointed out that 
there is a remarkable analogy betw’een 
the development of languages and the 
evolution of species. The comiMrison is 
perfectly just and very instructive. "We 
could hardly find a better analc^ when 
we are dealing with some of the difficult 
and obscure futures of the evolution of 
species. In both cases we find the action 
I of the same natural law s. 

All philologists of any competence in 
their science now agree that all human 
languages have bem apadually evolved 
firom very rudimentaiy beginnings. The 
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idea that speech is a gift of the gods — 
an idea held by distinguished authorities 
only fifty years ago — is now generally 
abandon^, and only supported by theo- 
logians and others who admit no natural 
development whatever. Speech has been 
developed simultaneous!) with its organs, 
the larynx and tongue, and with the 
functions of the brain. Hence it will be 
quite natural to find in the e\olution and 
classification of langui^es the same 
features as in the e\olution and classifi- 
cation of organic species. The various 
groups of languages that are distin- 
guished in philolog) as pnmitive, funda- 
mental, parent, and daughter tankages, 
dialects, etc., correspond entircl) in their 
development to the different categories 
which we classify in zoologv and botan\ 
as stems, classes, orders, families, genera, 
species, and varieties. The relation of 
these groups, partly co-ordinate and partly 
subordinate, in the general scheme is just 
the same in both cases , and the evolution 
follow s the same lines in both. 

When, with the assistance of this tree, 
we follow the formation of the various 
languages that have been developed from 
the common root of the ancient Indo- 
Germanic tongue, we get a veiy clear 
idea of their plij logeny. VV’e shall see at 
the same time how’ analot^ous this is to 
the development of the various groups of 
vertebrates that have arisen from the 
common stem-form of the primitive verte- 
brate The ancient Indo-Germanic root- 
language divided first into two princip.il 
stems — the Slavo- Germanic and the 
Aryo - Romanic The S lavo - Germanic 
stem then branches into the ancient 
Germanic and the ancient Slavo-Lcttic 
tongues ; the Aiyo-Romanic into the 
ancient .Arvan and the ancient Greco- 
Roman. 1 f w e still follow the genealogical 
tree of these four Indo-Germanic tongues, 
we find that the ancient Germanic 
divides into three branches — the Scandi- 
navian, the Gothic, and the German 
From the ancient German came the High 
German and I-ow German ; to the latter 
belong the Frisian, Saxon, and modem 
Low-fWman dialects. The ancient Slavo- 
Lettic divided first into a Baltic and a 
Slav language. The Baltic gave rise to 
the Lett, Lithuanian, and old-Prussian 
varieties; the Slav to the Russian and 
South-Slav in the south-east, and to the 
Polish and Czech in the west. 

We find an equally prolific branching 
of its two chief stems when we turn to 


the other division of the Indo-Germanic 
languages. The Greco- Roman divided 
into the Thracian (Albano-Greek) and the 
Italo-Celtic. From the latter came the 
diveigent branches of the Italic (Roman 
and Latin) in the south, and the Celtic in 
the north . from the latter have been 
developed all the British (.'incient British, 
ancient Scotch, and Irish) and Gallic 
varieties. The ancient Aryan gave rise 
j to the numerous Iranian and Indian 
languages. 

This “comparative anatomy "and evo- 
lution of languages admirabf) illustrates 
the phj logeny of species. It is clear th.it 
I m structure and development the primi- 
, tive languages, mother and daughter 
I.inguagcs, and varieties, correspond 
exactly to the cl.isses, orders, genera, 
and species of the animal world 1 n both 
cases the “natural" sjstem is ph}lo- 
\ genetic. As we have been convinced 
, from comparative anatomv and ontogeny, 

, and from palcontologv , that all p.ist and 
i living vertebrates descend from <i common 
ancestor, so the comiwrativc studv of 
dead and living Indo-Germanic tongues 
' proves beyond question that they are all 
modifications of one primitive language. 

' This V iew of their origin is now accepted 
by all the chief philologists who have 
, worked in this branch and are unpreju- 
diced 

But the point to which I desire particu- 
larlj to draw the re.ider’s attention in this 
comparison of the Indo-Germanic lan- 
guages with the branches of the vertebrate 
stem IS, that one must never confuse direct 
descendants vv ith collateral branches, nor 
extinct forms with liv ing Tins confusion 
, IS ven common, and our opponents often 
' make use of the crroni'ous ideas it gives 
I rise to for the purpose of attacking evolu- 
tion generally. When, for instance, wc 
say that man descends from the ape, this 
’ from the lemur, and the lemur from the 
marsupial, manj people im.aginc that we 
are speaking of the living species of these 
I orders of mammals that they find stulfcd 
I in our museums. Our opponents then 
foist this idea on us, and say, w'ith more 
astuteness than intelligence, tliat it is 
quite impossible ; or they ask us, by way 
of physiological experiment, to turn a 
kangaroo into a lemur, a lemur into a 
gorilla, and a gorilla into a man I The 
demand is childish, and the idea it rests 
on erroneous. All these living forms have 
diverged more or less fram the ancestral 
form ; none of them could engender the 
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same posterity that the stem-form really 
produced thousands of years ago. 

It is certain that man has descended 
from some extinct mammal ; and we 
should just as certainly class this in the 
order of apes if we had it before us. It is 
equally certain that this primitive ape 
descended in turn from an unknown 
lemur, and this from an extinct marsu- 
pial But it is just as clear that all these 
extinct ancestral forms can only be 
claimed as belonging to the living order 
of mammals in virtue of their essential 
internal structure and their resemblance 
in the decisive anatomic characteristics of 
each order. In external appearance, in 
the characteristics of the f^enus or sfiectes, 
they would differ more or less, perhaps 
very considerably, from all living repre- 
sentatives of those orders It is a uni- 
versal and natural procedure in phylo- 
genetic development that the stem-forms 
themselves, with theirspecific peculiarities, 
have been extinct for some time. The 
fonns that approach nearest to them 
among the living species arc more or less 
— perhaps very substantially — different 
from them. Hence in our phylogenetic 
inquiry and in the comparative study of 
the living, divergent descendants, there 
c.in only be a question of determining the 
greater or less remoteness of the tatter 
from the ancestral form. Not a single 
one of the older stem-forms has continued 
unchanged down to our time. 

We find just the same thing in com- 
paring the various dead and living 
languages that have developed from a 
common primitive tongue. I f we examine 
our genealogical trc'CoftheIndo-Germanic 
languages in this light, we see at once 
that all the older or parent tongues, of 
which wc reipird the living varieties of 
the stem as divergent daughter or grand- 
daughter languages, have been extinct 
for some time, ^le Aryo-Romanic and 
the Slavo-Germanic tongues have com- 
pletely disappeared ; so .also the Aryan, the 
Greco-Roman, the Slavo-Lettic, and the 
ancient Germanic. Even their daughters 
and grand-daughters have been lost ; all 
the living Indo-Germanic languages are 
only related in the sense that they are 
divergent descendants of common stem- 
forms. Some forms have diverged more, 
and some less, trom the original stem- 
form. 

This easily demonstrable fact illustrates 
very well the analogous case of tlie origin 
of the vertebrate species. Phylogenetic 
VOL. II. 


comparative philology here yields a 
strong support to phylogenetic compara- 
tive zoolt^. But the one can adduce 
more direct evidence than the other, as the 
paleontological material of philology — the 
old monuments of the extinct tongue — 
have been preserved much better thM the 
paleontological material of zooloj^, the 
fossilised bones and imprints of verte- 
brates. 

We may, however, trace man’s genea- 
logical tree not only as far as the lower 
mammals, but much further — to the 
amphibia, to the shark- like primitive 
fishes, and, in fine, to the skull-less verte- 
brates that closely resembled the Am- 
phioxus. But this must not be under- 
stood in the sense that the existing 
Amphioxus, or the sharks or amphibia of 
to-day, can gpve us any idea of the ex- 
ternal appearance of these remote stem- 
forms. Still less must it be thought that 
the Amphioxus or any actual shark, or 
any living species of amphibia, is a real 
ancestral form of the higher vertebrates 
and man. The statement can only 
rationally mean that the living forms I 
have referred to are collateral lines that 
are much more closely related to the 
extinct stem-forms, and have retained the 
resemblance much better, than any other 
animals we know. They are still so like 
them in regard to their distinctive internal 
structure that we should put them in the 
same class with the extinct forms if we 
had these before us. But no direct 
descendants of these earlier forms have 
remained unchanged. Hence wc must 
entirely abandon the idea of finding 
direct ancestors of the human race in 
their characteristic external form among 
the living species of animals. The essen- 
tial and distinctive features that still 
connect livinp forms more or less closely 
with the extinct common stem-forms lie 
in the internal structure, not the external 
appearance. The latter has been much 
m^ified by adaptation. The former 
has been more or less preserved by 
heredity. 

Comparative anatomy and ontogeny 
prove beyond cniestion that man is a true 
vertebrate, and, therefore, man’s speoal 
genealc^cal tree must be connected with 
that of the other Vertebrates, which spring 
from a common root with him. But we 
have also many important grounds in 
comparative anatomy and ontogeny for 
assuming a common origin for all the 
Vertebrates. If the general theory of 
C 
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evoluticm is correct, all the Vertebrates, 
including man, come from a single 
common ancestor, a long-extinct “ Primi- 
tive Vertebrate. ” Hence the genealogical 
tree of the Vertebrates is at the same time 
that of the human race. 

Our task, therefore, of constructing 
man’s gene^ogv becomes the larger aim 
of discovering the genealogy of the entire 
vertebrate stem. As we now know from 
the comp^tive anatomy and ontogeny of 
the Amphioxus and the Ascidia, this is in 
turn connected with the genealogical tree 
of the Invertebrates (directly with that of 
the Vermalia), but has no direct connec- 
tion with the independent stems of the 
Articulates, Molluscs, and Echinoderms. 
If we do thus follow our ancestral tree 
through various stages down to the lowest 
worms, we come inev itably to the Gastraa, 
that most instructive form that gives the 
clearest possible picture of an animal with 
two germinal layers. Tlie Gastraca itself 
has originated ’from the simple multi- 
cellular vesicle, the Blastaa, and this in 
turn must have been evolved from the 
lowest circle of unicellular animals, to 
which we git-e the name of Protozoa. 
We have already considered the most im- 
portant primitive type of these, the uni- 
cellular Amaha, which is extremely in- 
structive when compared with the human 
ovum. With this we reach the lowest of 
the solid data to which we are to apply 
our biogenetic law, and by which we may 
deduce the extinct ancestor from the 
embryonic form. The amoeboid nature 
of the young ovum and the unicellular 
condition in which (as stem-cell or cytula) 
eveiy human being begins its existence 
justify us in affirming that the earliest 
ancestors of the human race were simple 
amoeboid cells. 

But the further question now arises 
“Whence came these first amoebae with 
which the histo^ of life began at the 
commencement of the Laurentuin epoch?" 
There is only one answer to this. The 
earliest unicellular organisms can only 
have been evolved from the silkiest 
organisms we know, the Monera. These 
are the simpl^t living things that we can 
conceive. Their whole body is nothing 
but a particle of plasm, a granule of living 
albuminous matter, discharging of itself 
all the essential vital functions that form 
the material basis of life. Thus we come 
to the last, or, if you prefer, the first, 


This is the real question of the origin of 
life, or of spontaneous generation. 

We have neither space nor occasion to 
go further in this Chapter into the ques- 
tion of spontaneous generation. For this 
I must refer the reader to the fifteenth 
chapter of the History of Creation, and 
cspraally to the second book of the General 
Morfkoutgy, or to the essay on “The 
Monera and Spontaneous Generation ’’ in 
my Studies o/the Monera and other Protists.' 
1 nave given there fully my own view of 
this important question. The famous 
botanist Nageli afterwards (1884I de- 
veloped the same ideas. 1 will only say 
a few words here about this objure 
question of the origin of life, in so far as 
our main subject, organic evolution in 
general, is affected by it. Spontaneous 
generation, in the definite and restricted 
sense in which I maintain it, and claim 
that it is a necessai^ hypothesis in ex- 
plaining the origin of life, refers solely to 
the evolution of the Monera from inor- 
ganic carbon-compounds. When living 
things made their first appearance on our 
planet, the very complex nitrogenous 
coinpound of carbon that we call plasson, 
which IS the earliest material embraiment 
of vital action, must have been formed in 
a purely chemical w^ from inorganic 
carbon-compounds. The first Monera 
were formed in the sea by spontaneous 
generation, as crystals are formed in the 
mother-water. Our demand for a know- 
ledge of causes compels us to assume this. 
If we believe that the whole inorganic 
history of the earth has proceeded on 
mech^ical principles without any inter- 
vention of a Creator, and that the histoiy 
of life also has been determined by the 
same mechanical laws , if we see that 
there is no need to admit creative action 
to explain the origin of the various groups 
of organisms ; it is utterly irrational to 
assume such creative action in dealing 
with the first appearance of organic life on 
the earth. 

This much-disputed question of “ spon- 
taneous generation " seems so obscure, 
because people have associated with the 
term a mass of very different, and often 
very absurd, ideas, and have attempted 
to solve the difficulty by the crudest 
experiments. The real doctrine of the 
spontaneous generation of life cannot 
possibly be refuted by experiments. 
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Every experiment that has a nega- On the Nature of Comets. He showed 
live result only proves that no organ- clearly how unscientiSc this hypothesis is ; 
ism has been formed out of inorganic firstly in point of logic, and secondly in 
matter in the conditions — highly artificial fwint of scientific content. At the same 
conditions — we have estahlisheiL On the time he pointed out that our hypothesis 
other hand, it would be exceedingly difli- of spontaneous generation is “ a necessaiy 
cult to prove the theory by way of experi- condition for understanding nature accord- 
ment ; and even if Monera were still ing to the law of causality.” 
formed daily by spontaneous generation 1 repeat that we must call in the aid of 
(which b quite possible), it would be ve^ the hypothesis only as regards the Monera, 
difficult, if not impossible, to find a solid the structureless “ organisms without 
proof of it. Those who will not admit organs.” Every complex organism must 
the spontaneous generation of the first have been evolved from some lower 
living things in our sense must have organism. We must not assume the spon- 
recourse to a supernatural miracle ; and taneous generation of even the simplest 
this is, as a matter of fact, the desperate cell, for this itself consists of at least two 
resource to which our “ exact ” scientists parts — the internal, firm nuclear sub- 
, , and the external, softer cellular 

reason. | substance or the protoplasm of the cell- 

A famous English physicist, Lord | body. These two parts must have been 
Kelvin (then Sir \\ . Thomson), attempted | formed by differentiation from the indif- 
to dispense with the hypothesis of spon- I ferent ph^son of a moneron, or a cytode. 
taneous generation by assuming that the ' For this reason the natural history of the 
organic inhabitants of the earth were I Monera is of great interest ; here alone 
developed from germs that came from the can we find the means to overcome the 
inhabitants of other planets, and that ' chief difficulties of the problem of spon- 
chanccd to fall on our planet on fragments taneous generation. Ine actual living 
of their original home, or meteorites. ' Monera are specimens of such organless 
This hypothesis found many supporters, \ or structureless organbms, as they must 
among others the distinguished German i have been formed by spontaneous genera- 
ph^icist, Helmholtz. However, it was i tion at the commenc^ent of the history 
refuted in iSyz by the able physicist, I of life. 

Friedrich Zollner, of Leipzig, in nis work, I 
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Under the midance of the biogenetic phenomena that we meet in ontogeny and 
1“”’ — the basis of the evidence we paleontoli^, comparative anatomy and 

drateleol^y, the distribution and habits 

ing the of organisms — all the important general 

- , - Phyl^er laws that we abstract from the phenomena 

IS awhole is an inductiv of these sciences, and combine in har- 

the totality of the biological processes in monious unity — are the broad bases of 
the life of plants, animals, and man we our great biological induction, 
have rathei^ a confident inductive idea But when we come to the application 
that the whole organic population of our of this law, and seek to determine with 
planet has been moulded on a harmonious its aid the origin of the various species of 
law of evolution. All the interesting , organisms, we are compelled to frame 



OUR PROTIST ANCESTORS 


hypotheses that have essentially a deduc- Only a part of Europe and North America 
live character, and are inferences from has been investigated carefully. The 
the general law to i»rticular cases. But whole of the fossils known to us certainly 
these special deductions are just as much do not amount to a hundredth part of the 
justified and necessitated by the rigorous remains that are really buried in the 
laws of logic as the inductive conclusions crust of the earth. We may, therefore, 
on which the whole theoiy of evolution look forward to a rich harvest in the 
is built. The doctrine of the animal future as regards this science. However, 
ancestry of the human race is a special our paleontological evidence will (for 
deduction of this kind, and follows with reasons that I have fully explained in 
logical necessity from the general indue- the sixteenth chapter of the Htstory of 
tive law of evolution. Creatton) always be defectite. 

1 must point out at once, however, that The second chief source of evidence, 
the certainty of these evolutionary hypo- ontogen>, is not less incomplete. It is 
theses, ahich rest on clear special de- the most important source ofall for special 
ductions, is not ala’a> s equally strong, phylogeny ; but it has great defects, and 
Some of these inferences are now bevond often fails us. We must, above all, 
question; in the case of others it depends clearly distinguish between palmgenetic 
on the knowledge and the competence of and ccnogenctic phenomena. We must 
the inquirer what degree of certainty he never forget that the law's of curtailed and 
attributes to them In any case, we disturbed heredity often make the original 
must distinguish between the absolute course of development almost unrecog- 
certaint} of the general (inductive) theory nisablc The recapitulation of ph} logeny 
of descent and the relaitve certainty of by ontogeny is only fairly complete m a 
special (deductive) evolutionary h}po- few cases, and is never whole complete, 
theses. We can never determine the As a rule, it is precisely the earliest and 
whole ancestral series of an organism most important embrjonic stages that 
with the same confidence with which we suffer most from alteration and condensa- 
hold the general theory of evolution as tion. The earlier embr>onic forms liave 
the sole scientific explanation of organic had to adapt themselves to new circum- 
modification.s. The special indication of stances, and so have been modified The 
stem-forms in detail w ill always be more struggle for existence has had just as 
or less incomplete and h) pothetical. This profound an influence on the freely moving 
is quite natural. The evidence on w'hich and still immature young forms as on the 
we build is imperfect, and always will be adult forms Hence m the cmbiyology 
imperfect ; just as in comparative philo- of the higher animals, especially, palin- 
!(^y. genesis is much restricted b) ccnogencsis , 

tne first of our documents, paleon- it is to-day, as a rule, onh' a faded and 
tology, is exceedingly incomplete. We much altered picture of the original 
know that all the fossils vet discovered evolution of the animal’s ancestors. We 
are only an insignificant traction of the can only draw conclusions from the em- 
plants and animals that have lived on our bryonic forms to the stem-history w ith 
planet. For every single species that ha.s the greatest caution and discrimination, 
been preserved for us in the rocks there Moreover, the embrvonic development 
are probablyhundreds, perhaps thousands, itself has only been fully studied in a few 
of extinct species that have left no trace species. 

behind them. This extreme and very un- Finally, the third and most valuable 
fortunate incompleteness of the paleonto- source of evidence, comparative anatony, 
logical evidence, which cannot be pointed is also, unfortunately, vciy imperfect ; for 
out too often, b easily explained. It is the simple reason that the w’liolc of the 
absolutely inev itable in the circumstances living species of animals are a mere 
of the fb^ilisation of organisms. It is fraction of the vast population tliat has 
also due in part to the incompleteness of dwelt on our planet since the beginning 
our knowledge in this branen. It must of life. We may confidently put the total 
be borne in mind that the great majority number of these at more than a million 
of the stratified rocks that compose the species. The number of animals whose 
crust of the earth have not yet been opened, organisation has been studied up to the 
We have only a few specimens of the present in comparative anatomy is propor- 
innumerable fossils that are buried in the tionately veiy small. Here, again, future 
vast mountain ranges of Asia and Africa, research will yield incalculable treasures. 
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But, for the present, in view of this 
patent incompleteness of our chief sources 
of evidence, we must naturally be careful 
not to lay too much stress in human 

K ogeny on the particular animals we 
; studied, or regard all the various 
stages of development with equal c 
n-forms. 

In my first efforts to construct the 
senes of man’s ancestors I drew up a list 
of, at first ten, afterwards twenty to thirty, 
forms that may be regarded more or less 
certainly as animal .incestors of the human 
race, or as stafircs that in a sense mark off 
the chief sections in the long story of 
evolution from the unicellular organism to 
man. Of these twenty to thirty stages, 
ten to twelve belong to the older group 
of the Invertebrates and eigliteen to twenty 
lo the younger division of the Vertebrates. 

In apprisiching, now, tlic difficult task 
if establishing the csolutionary succes- 
sion of these thirty ancestors of humanity 
since the beginning of life, and in ventur* 


distinguish between the plasson of the 
cytodes and the protoplasm of the 
cells. This distinction is of the 
utmost importance for the purposes of 
evolution. As I have often said, we 
must recognise two different stages of 
development in these “element 
ganisms,’’ or plastids (“builders”), that 
represent the ultimate units of organic 
I individuality. The earlier and lower stage 
are the unnucleated cytodes, the body of 
which consists of only one kind of albu- 
minous matter — the homogeneous plasson 
or “formative matter.” The later and 
higher stage are the nucleated cells, in 
which we find a differentiation of the 
original plasson into two different forma- 
tive substances — the caryoplasm of the 
nucleus and the cy toplasm of the body of 
the cell (cf. pp. 37 and 42). 

The Monera are permanent i 
Their whole body consists of sof 
tureless plasson Howe\er carefully we 
examine it with our finest chemical 


ing to lift the toil th.it coiers the earlic 
secrets of the earth's history, 
we must undoubtedly kxik 
for the first living 'things 
among the wonderful orgtin- 
isms that w e call the Monera ; 

isrns known to us— in fact, 
the simplest we can con- 
ceiie. Their w hole Ixxly con- pm 
sists merely of a simple p.ir- 
tide or globule of structure-- ™ 

less plasm or plasson The 
discoveries of the last four decades ha 
led us to believe with increasing certair 
that wherever a natural body exhibits t 


t powerful microscopes. 


the earliest reagents and n 


ij6.—CllPOOOOO(niS minor ma^ified 1.500 times. A 

nneron, the globular pUstids of which MecnAi, a geUtinous utruc- 
memhntne. The unnudoated globule of plasm (Mutsh'^recn 



.t four decades have we c.in find no definite parts or no anatomic 
increasing certainty structure in it. Hence, the Monera are 
-al body exhibits the literally organisms without organs ; in 


vit.il processes of nutrition, reproduction, fact, from the philosophic point of view 
voluntary movement, and sensation, we they are not organisms at all, since they 
have the action of .a nitrogenous carbon- have no organs They can only be called 
compound of the chemical group of the organisms in the sense that they are 
albuminoids , this plasm (or protoplasm) is capable of the vital functions of nutrition, 
the material basis of all vital functions, reproduction, sensation, and movement. 
Whether we regarded the function, in the If we w-ere to try to imagine the simplest 
monistic sense, as the direct action of the possible organism, we should frame some- 
material substratum, or whether we take thing like the moneron. 


matter and force to be distinct things in The Monera that we find to-day in 
the dualistic sense, it is certain that we various forms fall into two grt>u|[is accord- 
have not as yet found any living organism ing to the nature of their nutrition — the 
in which the exercise of the vital func- Pkytomoncra and the Zoomonera , from the 
tions is not inseparably bound up with physiological point of view, the former 
plasm. are the simplest specimens of the plant 

The soft slimy plasson of the body of (pkyfon) kin^om, and the latter of the 
the moneron is generally called " proto- animal f soon ) world. The Phytomonera, 
plasm,” and identified with the cellular especially in their simplest form, the 
matter of the ordinary plant and animal Chromacea ( Pkycockromacea or Cyano- 


e the simplest specimens of the plant 
ky/On) kin^om, and the latter of the 
limal f ' soon ) world. The Phytomonera, 


must, to be accurate, \pkycea), i 


t primitive and the 
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oldest of living ormnisms. The typical 
genus Ckroococcus (Fig. 336) is represented 
% several fresh-water species, and often 
forms a very delicate bluish-green deposit 

ind wood in ponds and ditches. 

isists of round, light gmn particles, 
from T of an inch in diameter. 

The whole life of these homogeneous 
globules of plasm consists of simple 
grov th and reproduction by cleavage. 
Whe the tiny particle has reached 
certain size by the continuous i ‘ ‘ 

of inorganic matter, it divides 1 
et^ual halves, by a constriction 

middle. The two daughter 

' formed immediately begin 



similar vital process. It is the same with 
the brown PtmyteJla pnmorduUu (formerly 
called the Protococcus mannus) ; it forms 
large masses of floating matter in the 
arctic seas. The tiny plasma-globules of 
‘ ‘ 1 species are of a greenish-brown colour, 

■ , . ,. . .. . 

rable 

I the simplest Chroococcacea, but we find 
one in oth^ members of the same family ; 
in Apkanocapsa (Fig. 337) the enveloping 

>1 piastids combine ; 

in Glceocapta tl^ are retained through 
s^eral frenerations, so that the little 
in many 


l^ma-giobules 
layers of membrane. 


Next to the Chromacea come the Bac- 
teria, which have been evolved from them 
by the remarkable change in nutrition 
which Gpves us the simple explanation of 
the diner ‘ ‘ 1 of plant 
the protist kingdom. The Chromat 
build up their plasm directly fro 
ganic matter; the Bacteria fe^ on orranic 
matter. Hence, if we logically divide 
the protist kingdom into plasma-forming 
Protophyta and plasma-consuming Pro- 
tozoa, we must class the Bacteria with 
the latter ; it is quite illogical to describe 
them— as is still often done — as Schisomy- 
cetes, and class them with the true fungi. 
The Bacteria, like the Chromacea, have no 
nucleus. As is well known, they play 
an important part in modern biology 
as thecausesof fermentation and putre- 
faction, and of tuberculosis, typhus, 
cholera, and other infectious diseases, 
and as parasites, etc. But we c.innot 
linger now to deal with these very 
interesting features ; the Bacteria have 
no relation to man’s genealogical tree. 

We ma> now turn to consider the 
remarkable Protamteba, or unnucleatcd 
Amoeba I have, in the first volume, 
pointed out the great importance of 
the ordinaiy .Amoeba in connection with 
several weighty questions of general 
biology. The tiny Protamoeba:, which 
are found both in fresh and salt water, 
have the same unshapely form and 
irregular movements of their simple 
naked body as the real Amoebae , but 
thev differ from them very materially 
in liav ing no nucleus in their cell-body. 
The short, blunt, finger-like processes 
that are thrust out at the surface of 
the creeping Protamoeba serve for ^ct- 
- ling food as well as for locomotion. 
* They multiply by simple cleavage (Fig. 
328). 

The next stage to the simple cytode- 
forms of the Monera in the genealogy of 
iTuinkind (and all other animals) is the 
. simple cell, or the most rudimentary form 
I of the cell which we find l>vi^ indeixn- 
' dcntly to-day as the Amoeba. Tbe earliest 
process of inorganic differentiation in the 
structureless b^y of the Monera led to 
•*" '*■ — into two different substances 

— the caryoplasm and the cytoplasm. The 
caryoplasm is the inner and firmer part 
of the cell, the substance of the nucleus. 
The cytoplasm is the outer and softer 
part, the substance of the body of the cell. 
By this important differentiation of the 
(wuson into nucleus and oell-body, the 
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ot^gfanised cell was evolved from the unicellular or]ganbm, the Amoeba. The 
structureless cytode, the nucleated from in the modern i^ysiological sense of 
the unnucleatM pl^tid. That the first the word, did not maike its appearance 
cellstoappearontheearthwereformedfrom until the descendants of the unicellular 
the Monera by such a differentiation seems Protozoon had developed into multicellular 
to us^ the only possible view in the present animals, and these had undergone sexual 
condition of science. We have a direct in- differentiation. Even then the egg was 
s^ceofthisearliest process of differentia- first a gastrsea-egg, then a platode-egg, 
tion to-day in the ontc^eny of man;^ of the *•"“ - "ermalia-egg, and chordonia-egg ; 
lower Protists (such as the Gregannae). later still acrania-egg, then €sh-egg. 
The unicellular form that we have in amphibia-egg, reptile-egg, and finally 
the ovum has already been described ns bird’s egg. TTie bird’s egg we have ex- 
the reproduction of a corresponding uni- perience >f daily is a highly complicated 
cellular stem-form, and to this we have ‘ 1 product, the result of countless 

ascribed the organisation of an Amoeba hereditary processes that have taken place 
(cf. Chapter VI.). The irregular-shaped ' ' - years 

Amoeba, which we find livingindependently Thee 

to-day in our fresh and siut water, is the simple Protophyta, and from these our 
least definite and the most primitive of all protozoic ancestors were developed after- 
■ • .. . ^ ^ (Fig. i6). ‘ ■ ” i the morpholc^cal point of 

the unripe ova (the probrua that we view both the vegetal and the animal 
find in the ovaries of animals) cannot I Protists were simple organisms, indi- 
be distinguished from the common 
Amoebae, we must regard Amoeba 
as the form that is repro- 

duced in the the 

to-da\, in accor- 

dance the 

have already in proof 

the striking resemblance the 
two the ova 

the sponges regarded 

as parasitic Amoebie (Fig. 1 8) Large 
unicellular organisms like the 


Amoebae were found creeping about . '*>• •*— * (Proiamcwia) m dw act of™>ro- 

inside the body of the sponge, and flSte 

were thought to be parasites It was ....w halves by a uw wti n. U on m the nudd^ w 
afterwards discovered that they w ere >*«»>«» “ independent mdiniunL 

. eallythcovaof titespongefromwhich 

the embryos were developed. As a idualiti of the first order, or plastids. 

of fact, these sponge-ova are so niucn t ancestors are complex organ- 

like many of the Amoebie in size, shape, , — — ividualities of a higher order 

the character of their nucleus, and move- —social aggreipttions of a plurality of 
ment of the pseudopodia, that it is impos- cells. The earliest of these, the Mordada, 
sible to distinguish them without knowing which represent the third stag^ in our 
their subsequent development. genealogy, are wery simple associations of 

retation of the homogeneous, indifferent cells — undif- 

. of it to some ferentiated colonies of social Amcebae or 

:nt amoeboid ancestral form, supply Infusoria. To understand the nature and 

the answer to the old problem : “ Which origin of these proti 

was first, the egg or the chick?” We ily follow step by step the first embryonic 
can now give a very plain answer to this products of the stem-cell. ^ In all tiM 
riddle, with which our opponents have Metazoa the first embryonic process is 
often tried to drive us into a comer. The the repeated cleavage of the stem-cell, or 
egg came a long time before the chick, first segmentation-cell (Fig. zzq). We 
We do not mean, of course, that the ^g have already fully considered this process, 
existed from the first as a bird’s 3g^, but and found that all the diflerent forms of 
as an indifterent amoeboid cell of the it may be reduced to one type, the original 
simplest character. The egg lived for Mual or primordial segmentation (cf. 
tho usands of years as an independent Ctuqiter VIIl.). In the genealogical tree 


egg lived for Mual or primordial se^entation (cf. 
independent Ctuqiter Vfll.). In the genealogical tree 
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of the Vertebrates this palinfrenetic form 
of segmentation has been preserved in the 
Amphioxus aione, ail tlie other Vertebrates 
having cenonnetically modified forms of 
cleavage, m any case, the latter were 
developed from the former, and so the 
segmentation of the ovum in the Amphi- 
oxus has a great interest for us (cf. Fig. 
38). The outcome of this repeated 
deavage is the formation of a round 


snuill communities of Amoebae arose by 
the side of these eremitical Protozoa, the 
sister-cells produced br cleavage remain- 
ing joined together. The advantages in 
the struggle for life which these commu- 
nities half over the isolated cells favoured 
their formation and their further develop- 
ment. We find plenty of these cell-colonies 
or communities to-day in both fresh a.:.', 
salt water. They belong to various groups 


ua - Orlfrlnal or primemltal ovum-oleavasa. The ■tem-ceU or cvtula. formei by feeumlatinn at 

n. dinda by npaateJ rajnalar deovaxe first uto tsro ( A), then four (Bt. then eight ( C), and finally a 

large imber of segmentatioa-cellt ( DL 


cluster of cells, composed of homc^eni 
indifferent cells of the simplest chan 
(Fig. 330). This is called the morula 
(= mulberry-embryo) on account of its 
resemblance to a mulbeiry or blackberry’. 

It is clear that this morula reproduces 
for lu to-day the simple structure of the 
multicellular animal that succeeded the 
unicellular amoeboid form in the carlv 
Laurentian period. In accordance with 
the biogenetic law, the morula recalls the 
ancestral form of the Monea, or simple 
colony of Protozoa, The first ccll-com- 



Fn qo.— Momla, or nralberry-sliapod embryo, 
munities to be formed, which laid the 
early foundation of the higher multicellular 
body, must have consisted of homogeneous 
and simple amoeboid cells. The oldest 
Amoebae lived isolated lives, and even the 
amoeboid cells that were formed by the 
segmentation of these unicellular organ- 
isms must have continued to live inde- 
pendently for a long time. But gradually 


I of our race that succeeded phy loger 
I to the Morasnda, wc have only to loiiow 
the further embryonic development of the 
' morula. Wc then sec th.it the social cells 
I of the round cluster secrete a sort of jelly 
or a aatery fluid inside their globular 
bodv, and they themselves rise to the 
surface of it (Fig. 39 E^ (r). In this 
way the solid mulberry-embrio becomes 
a hollow sphere, the a all of a Inch is com- 
posed of a single laser of cells. We call 
this layer the Nasloderm, and the sphere 
Itself the blaslula, or embryonic \csicle. 

Tliis interesting hlastul.i is very impor- 
tant. The consersion of the morula into 
a hollow ball proceeds on the same lines 
originally in the most diverse stems— as, 
for instance, in many of the zoophytes 
and worms, the ascidia, many of the 
echlnodcrms and molluscs, and in the 
amphioxus. Moreover, in the animals 
in which a-e do not find a real palinge- 
netic blastula the defect is clearly due to 
cenc^enetic causes, such as the formation 
of fo^-yelk and otlter embryonic adapta- 
Wi lay, therefore 

the ontogenetic blastula is the reproductii 
of a very early phylogenetic a — 
form, ' ‘ all tlic Metas 

, stem-form, 

which was in the main constructed like 
the blastula. In many of the loa-er 
animals the blastula is not developed 
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within the foetal membranes, but in the blastulx, with similar construction, of 
open water. In those cases each blasto- many of the lower animals, we can confi- 
dermic cell begins at an early stf^e to dently deduce from them that there was 
thrust out one or more mobile hair-like a veiy early and long-extinct common 
processes ; the body swims about by the stem-lorm of substantidly the same struo 
vibratory mo\ement of these lashes or * — : — : the blastula. We may call it the 
whips (Fig. 29 F). Blastaa. Its body consisted, when fully 

We still find, both in th« ' ...led, of a simple hollow ball, filled ith 

fresh water, various kinds of primitive fluid or structureless jelly, with a wan 
multicellular organisms that iubstantiall) | composed of a single stratum of ciliated 
the blastula in st cells. There were probably many ^nera 

may be r , 1 of thes‘ — ■‘‘-- 

tula-forms — hollow vesicles or gelati- Laurentian period, forming a special 
nous balls, with a wall composed of a class of marine protists. 
single l^er of ciliated homogeneous | „ 

There . _ - . pjant kingdom also the simple hollow 

kind even among the Protophyta — the sphere is round to be an elementaiy form 

familiar Volvocinn, formerly classed with of the multicellular organism. At the 
“ mmon Volroi jrface and below the surface (dow 
j^lobntor is found in the ponds In the ' depth of 2,000 yards^ of the sea thei 
spring — asmall, green, gelatinous globule, I green globules swimming about, wim 
s» imming about b) means of the stroke ! a wall composed of a single layer of 
of Its lashes, which rise in pairs from the | chloroph} 11 -beanng cells. The botanist 
“ r . . • fijiar Afa/or- i Schmit2 gave them the name of Halo- 

phtrra xnntiis also, which we find spkara vtrtdtt in 1B79. 

marine plancton (floating matter). The next stage to the Blastaa, and the 

number of green cells form a simple h sixth in our genealogical tree, is the 

at the surf.icc of the gelatinous t^ll ; hut Gastraa that is dctelop^ from it. As 
in this case there are no cilia. we ha\e already seen, this ancestral form 

Some of th infusoria of the flagellata- is particularly important. That it once 
class (Si^u Magosphara, etc ) are existed is proved with certainty by the 
similar m suucture to these v^etal gastrula, which we find temporarily in 
clusters, but dilTer m their animal nutri- the ontogenesis of all the Metazoa (Fig. 
tion ; they form the special group of the 29 y, A ). As w e saw , the original, 
Catal/arta. In September, 18(19, I studied palingenetic form of the gastrula is a 
the development of one of these graceful round or o\al uni-axial body, the simple 
animals on the island of Gis-Oe, off the cavity of which (the primitive gut) has an 
coast of Norway (Sfagosphara planula, aperture at onejxilc of its axis (the primi- 
Figs. 231 and 232), The fully -formed tive mouth). The wall of the gut consists 
body is a gelatinous ball, with its wall of two strata of cells, and these are the 
mposed of thir primary' germinal layers, the animal ski: 

layer (^toderm) and vegetal gut-lay c 
.\fter reaching m.iturity the community ' ' m). 

is dissolved. Each cell then lives indc- lI ontogenetic development of 

pendi ^ _ strula from the blastula furnishes 

changes 'into a creeping amivba evidence as to the phylogenetic 

.ifterwards contracts, ,ind cloth* of the Gastraa from the mastcea. 

w Ith a structureless membrane. 

then looks just like an ordinary - , 

When it has been in this con- In the end this invagination goes so fai 
dition for some time the cell divides into ‘ ' aginated part of 

(wo, four, eight, sixteen, thirty-two, and the blastoderm lies close on the inner 
sixty-four cells. These arrange themselves or non-invaginated part (Fig. 29 J). 
in a round V'esiclc, thrust out vibratory' In explaining the phylogenetic origin 
lashes, burst the capsule, and swim about of the gastraea in the light of this onto- 
in the sai ' ■ ' g'enetic process, we may assume that the 

one-layered cell-community of the blasUea 
began to take in food more largely at one 
particular part of its surface. Natural 
selection would gradually lead to the 
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formation of a depression or pit at this 
alimentary spot on the surface of the hall. 
The depression would grow deeper and 
deeper. In time the vegetal function of 
taking in and digesting food would be con- 
fined to the cells that lined this hole ; the 



labour among the originally homogeneous 
cells of the blastsea. 

The effect, then, of this earliest histo- 
logical differentiation was to produce two 
different kinds of cells — nutriti\e cells in 
the depression and locomotive cells on the 
Surface outside. But this involved the 
severance of the two primary germinal 
layers — a most important process. When 
we remember that e^en man’s body, with 
all its various parts, and the body of all 
the otlier higher animals, are built up 
originally out of these two simple layers, 
we cannot lay too much stress on the 
phylogenetic significance of this gastrula- 
tion. In the simple primitive gut or 
gastric cavity of the G^trula and its 
rudimentary mouth we nave the first real 
organ of the animal frame in the morpho- 
logical sense ; all the other organs were 
developed afterwards from these. In 
reali^, the whole body of the gastrula is 
merely a “ primitive gut” I have shown 
already (Chapters VIII. and IX.) that the 
two-layered embiyos of all the Metazoa 
can be reduced to this typical g^rula. 
This important fact justifies us in con- j 
eluding, m accordance with the biogenetic ' 


law, that their ancestors also were phylo- 
genetically det eloped from a similar stem- 
form. This ancient stem -form is the 
gastrtea. 

T^e gastraea probably lived in the sea 
during the Laurentian period, swimming 
about in the water by means of its ciliary 
coat much as free ciliated gastrulse do 
to-d^. Probably it differed from the 
existing giLstrula only in one essential 
point, though extinct millions of years 
,o. We have reason, from comparative 
atomy and ontogeny, to believe that it 
ultiplied by sexual generation, not 
erely asexually (by cleavage, gemma- 


becan 

.perm We base these hv pot heses on th 
.t that we do to-day find the simple' 
m oi sexual rcproduLtion jf tl 

gastra^ds and other lower animals, 
lecially the sponges 

kinds of gastnes 
a with an organisatii 
at of the h> pothetici 
...■ *■ ' theory. 

There are not very many species of t‘ 
living gastrtcads; but their morphologic, 
and phylogenetic interest is so great, an 



their intermediate position between the 
Protozoa and Metazoa so instructive, that 
I proposed long ago (1876) to make a 
sproial class of them. I distinguished 
threeorders in this class — theGastrenuuia, 
Physemaria, and Cyemaria (or Dicye- 
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mida). But we might also regard these 
three orders as so many independent 
classes in a primitive gastraead stem. 

The Gastremaria and Cyemaria, the 
chief of these living gastrasads, are small 
Metazoa that live parasitically inside 
other Metazoa, and are, as a rule, iV to 
A of an inch lon^, often much less (Fig. 
233, 1-15). Their soft body, devoid of 
skeleton, consists of two simple strata of 
cells, the primary germinal layers ; the 
outer of these is thickly clothed with long 
hair-like lashes, by which the parasites 
swim about in the various cavities of their 
host. The inner germinal layer furnishes 
the sexual products The pure type of 
the original gastrula (or arthtgastrula. 
Fig. 2q I) is seen in the Pemmatoducus 
f^trulaceus, which Monticelli discovered 
in the umbrella of a large medusa ( Ptlema 
pulmo j in 1895 , the convex surface of this 
gelatinous umbrella was covered with 
numbers of clear vesicles, of to i inch 
in diameter, in the fluid contents of which 
the little parasites were swimming. The 
cup-shap^ body of the Pemmaiodtscus 
(Fig. 23^, i) IS sometimes rather flat, and 
shaped like a hat or cone, at other times 
almost curved into a semi-circIe. The 
simple hollow of the cup, the primitive 
gut (jr), has a narrow opening (0). The 
skin layer Cej consists of long slender 
cylindrical cells, which bear long vibratory 
hairs , it is separated bv a thin structure- 
less, gelatinous plate (J) from the visceral 
or put lajer (t), the prismatic cells of 
which are much smaller and have no cilia. 
Pemmatodtsats propagates asexually, by 
simple longitudinal cle.ivage; on this 
account it has recently been regarded as 
the representative of a special order of 
gastra^ds f Mesogastna ). 

Probably a near relative of the Pemma- 
todtsats is the Kunstlena Gnnteti (Fig. 
233, 2). It lives in the body-cavity of Ver- 
malia (Sipunculida), and differs from the 
former in liaving no lashes either on the 
large ectodermic cells f e J or the small 
entodermic ftj ; the germinal layers are 
separated by a thick, cup-shaped, gelati- 
nous mass, which has been call^ the 
“ clear vesicle "(f). The primitive mouth 
is surrounded by a dark ring that bears 
very strong and lonp vibratory lashes, 
and effects the swimming movements. 

Pemmatodtsats and Kunstlena may be 
included in the family of the Gastixmana. 
To these gastrsads with open gut are 
closely related the Orthonectida \Rhopa- 
lura. Fig. 233, 3-5). They live parasitically 




inthebody-cavityofechinoderms(Ophiura) 
and vermalia ; they are distinguished by 
the fact that their primitive gut-cavity is 
not empty, but filled with entodermic 
cells, from which the sexual cells are 
developed. These gastraeads are of both 
sexes, the male (Fig. 3) being smaller and 
of a somewhat different sl^pe from the 
oval female (Fig. 4). 

The somewhat similar Dityemtda (Fig. 
6) are distinguished from the preceding 
by the fact that their primitive gut-cavi^ 
is o^upied by a single large entodermic 
cell instead of a crowded group of sexual 
cells. This cell does not yield sexual 
products, but afterwards divides into a 
number of cells (spores), each of which, 
without being impregnated, grows into a 
snyall embryo. The Dicyemida live para- 
sitically in the body-cavity, especiallythe 
renal cavities, of the cuttle-fishes. They 
fall in several genera, some of which are 
characterised by the possession of special 
polar cells ; the body is sometimes 
roundish, oval, or club-shaped, at other 
times long and cylindrical. The genus 
Cot^yema (Figs. 7-ie) differs from the 
ordinary in having four polar 

pimples in die form of a cross, which 
may be incipient tentacles. 

The classification of the Cyemaria is 
much disputed ; sometimes they are held 
to be parasitic infusoria (like the Opaltna), 
sometimes platodes or vermali^ related 
to the suctorial worms or rotifers, but 
having degenerated through parasitism. 

I adhere to the pin logenctically impor- 
tant theorv that I advanced in 1876, that 
we have fiere real gastrseads, primitive 
survivors of the common stem-group of 
all the Metazoa. In the struggle for life 
they have found shelter in the body-cavity 
of other animals. 

The small Coelentcria attached to the 
floor of the sea that 1 have called the 
Physemaria ( Haltphysema and Gastro- 
physema ) probably form a third order (or 
class) of the living g^traeads. The 
genus Haltphysema (F^igs. 234, 235) is 
externally very similar to a larg^e rhizopod 
(described by the same name in 1862) of 
the family of the Rhabdammtutda, which 
was at first taken for a sponge. In order 
to avoid confusion with these, I afterwards 
gave them the name of Propkysema. The 
whole mature body of the Pro^ysema is 
a simple cv'lindrical or oval tube, with a 
two-layered wall. The hollow of the 
tube is the gastric cavity, and the upper 
opening of ft the mouth (Fig. 235 m). 
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The two strata of cells that 
form the wall of the tube are 
the primary (germinal layers 
These rudimentary zoopnyl 
differ from the swimmin); gas 

sads chiefly in being attache 
e end (the end op 
uth) to the floe 

III Prvphysema the primitiie 
gut is a simple oval cavity, 
but in the closely related 
Gastrophysema it is divided 
into two chambers by a trans- 
verse constriction , the hind 
and smaller chamber above 
furnishes the sexual products, 
the anterior one being for diges- 

The simplest reonges {O/yn- 
tkus, Fig. 238) have the same 
organisation as the Physemaria 
The only material difference 
between them is that in le 
sponge the thin two-laye id 
body-wall is pierced by numb rs 
of pores Whcntheseareclo id 
they resemble the Physemai 1 
Possibly the gastracads that 'e 
call Physemaria arc onlyolyr In 
with the pores closed'. 'Ihe 
Ammoconuia, or the simple 
tubular sand-sponges of the 
deep-sea {Ammolvnlhus, etc ), 
do not differ fro 

.. w.,^-,ant point when 


'BM 

1 



Fio *34. Fio »» 

Fi(u auRiul 335.— Prophysema primordlale, a ItvloR gas- 

>Mut. F>K 334. The whole of the ipindle-ehaiieil animal (attached 
low to the floor of the wia). Kigr *33. The same m lonptudinal 
ction. The pnmitire gut fd) opens abo-'e at the pnmiuve mouth 
ni Between the cihated cell* are the amceboid Ota fe^ The 

itcules above. 

the pores are closed. In my Mono- 
graph on ike Sponges (with sixty 
plates) I endeavoured to prove 
analytically that all the species of 
this class can be traced phylo- 
genetically to a common stem-form 
( Calcolyntkus J. 

The lowest form of the Cnidaria is 
also not far removed from the gas- 
tneads. In the interesting common 
fresh-water polyp ( Hydra j tJie whole 
body is simply an o\al tube with a 
double « all ; only in this case the 
mouth has a crown of tentacles. 
Before these develop the hydra re- 
sembles an ascula (Figs. 236, 237). 
Afterwards there are slight histo- 
logical differentiations in its ecto- 
derm, though the entoderm remains 
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a single stratum of cells. We find the 
first differentiation of epithelial and 



Fw. 1^— Olyilthllft« a very naduneotary cpooge 
A piece cut away m fhnt 


stinging cells, or of muscular and 
neural cells, in the thick ectoderm of the 
hydra. 

In all these rudimentary living coelen- 
teria the sexual cells of both kinds — ova 
and sperm cells — are formed by the same 
individual ; it is possible that the oldest 
gastraeads were hermaphroditic. It is 
clear from comparative anatomy that 
hermaphrodism— the combination of both 
kinds of sexual cells in one individual — is 
the earliest form of sexual differentiation ; 
the separation of the sexes (gonochorism) 
was a much later phenomenon. The 
sexual cells originally proceeded from 
the edge of the primitive mouth of the 
gastraead. 


Chapter XX. 
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The gastraea theory has now con\inced 
us that all the Metazoa or multicellular 
animals can be traced to a common stem- 
form, the Gastraea. In accordance with 
the biogenetic law, we find solid proof of 
this in the fact that the two-lajered 
embryos of all the Metazoa can be reduced 
to a primitive common type, the gastrula 
J ust as the countless species of the Metazoa 
do actually develop in the individual from 
the simple embryonic form of the gastrula, 
so they have all descended in past lime 
from tlie comrnon stem - form of the 
Gastraea. In this fact, and the fact we 
have already established that the Gastraea 
has been evolved from the hollow vesicle 
of the one-layered Blastaea, and this again 
from the original unicellular stem-form, 
we have obtained a solid basis for our 
study of evolution. The clear path from 
the stem-cell to the gastrula represents 
the first section of our human stem-history 
(Chapters Vlll., IX., and XIX ). 

The second section, that leads from the 
Gastraea to the Prochordonia, is much 
more difficult and obscure. By the 
Prochordonia we mean the ancient and 
long-extinct animals which the important 


embryonic form of the chordula proves 
to have once existed (cf. Figs. 83-86^. 
The nearest of living animals to this 
embryonic structure are the lowest Turn- 
cates, the Copclata ( Appeudicana J and 
the larvs of the Avidia. As both the 
Tunicates and the Vertebrates develop 
from the same chordula, we may infer 
that there was a corresponding common 
ancestor of both stems. We may call 
this the ChonUea, and the corresponding 
stem-group the Prochordonia or Prochor- 
data 

From this important stem-group of the 
unarliculated Prochordonia (or “ iwimitiye 
chorda-animals”) the stems of the Tuni- 
cates and Vertebrates have been diver- 
gently evolved. We shall see presently 
how this conclusion is justified in the 
presentconditionof morphological science. 

We have first to answer the difficult 
and much -vdiscussed question of the 
development of the Chordaea from the 
Gastrrea ; in other words, “ How and by 
what transformations were the character- 
istic animals, resembling the embryonic 
chordula, which we regard as the common 
Stem-forms bf all tlK Chordonia, both 
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Tunicates and Vertebrates, evolved from 1 
the simplest two-layered Metazoa ? ** 

The descent of the Vertebrates from the 
Articulates has been maintained by a 
number of zoolc^ists during the last thirty 
years with more zeal than discernment ; 
and, as a vast amount has been written 
on the subject, we must deal with it to 
some extent. All three classes of Articu- 
lates in succession have been awarded the 
honour of being considered the “real 
ancestors ” of the Vertebrates : first, the 
Annelids (earth-worms, leeches, and the 
like), then the Crustacea (crabs, etc.), and, 
finally, the Tracheata (spiders, insects, 
etc.). The most popular of these hypo- 
theses was the annelid theory, which 
derived the Vertebrates from the Worms 
It was almost simultaneously (1875) 
formulated by Carl Semper, of Wurtzburg, 
and Anton Dohrn, of Naples. The latter 
advanced this theory orip^inally in favour 
of the failing d^eneration theory, with 
which I dealt in my work. Aims and 
Methods of Modem Kmbryolo^, 

This interesting degeneration theory — 
much discussed at that time, but almost 
forgotten now — was formed in 1875 with 
the aim of harmonising the results of 
evolution and ever-advancing Darwinism 
with religious belief. The spirited struggle 
that Darwin had occasioned by the re- 
formation of the theory of descent in 
1859, and that lasted for a decade with 
varying fortunes in every branch of 
biology, was drawing to a close in 1870- 
1872, and soon ended in the complete 
victory of transformism To most of 
the disputants the chief point was not the 
general question of evolution, but the 
particular one of “ man’s place in nature ” 
— “the question of questions,” as Huxley 
rightly called it. It was soon evident 
to every clear-headed thinker that this 
question could only be answered in the 
sense of our anthropogenv, by admitting 
that man had descended from a long 
series of Vertebrates by gradual modifica- 
tion and improvement. 

In this way the real affinity of man and 
the Vertebrates came to be admitted on 
all hands. Comparative anatomy and 
ontogeny spoke too clearly for their 
testimony to be ignored any longer. But 
in order still to save man’s unique position, 
and especially the dogma of personal 
immortality, a number of natural philo- I 
sophers and theologians discovered an 
admirable way of escape in the “ theory 
of d^j^eneration.” Granting the affinity. 


they turned the whole evolutionary theory 
upside down, and boldly contended that 
“inan is not the most highly developed 
animal, but the animals are degenerate 
men.” It is true that man is closely 
related to the ape, and belong to the 
vertebrate stem; but the chain of his 
ancestry goes upward instead of down- 
ward. In the beginning “God created 
man in his own image,” as the prototype 
of the perfect vertebrate ; but, in conse- 
quence of original sin, the human race 
sank so low that the apes branched off from 
it, and afterwards the lower Vertebrates. 
When this theory of degeneration was 
consistently developed, its supporters 
were bound to hold that the entire 
animal kingdom was descended from the 
debased children of men. 

This theory was most strenuously 
defended by the Catholic priest and 
natural philosopher, Michelis, in his 
Hceckelogony : An Academic Protest 
against HacheVs Anthrofogeny (1875). 
In still more “ academic ” and somewhat 
mystic form the theory was advanced by 
a natural philosopher of the older Jena 
school — the mathematician and physicist, 
Carl Snell. But it received its chief 
support on the zoological side from Anton 
Dohm, who maintained the anthropo- 
centric ideas of Snell with particular 
ability. The Amphioxus, which modem 
science now almost unanimously regards 
as the real Primitive Vertebrate, the 
ancient model of the original vertebrate 
structure, is, according to Dohm, a late, 
degenerate descendant of the stem, the 
“ prodigal son ” of the vertebrate family. 
It has descended from the Cyclostoma by a 
profound degeneration, and these in turn 
from the fishes ; even the Ascidia and 
the whole of the Tunicates are merely 
degenerate fishes 1 Following out this 
curious theory, Dohm came to contest 
the general belief that the Coelenterata 
and Worms are “lower animals” ; he even 
declared that the unicellular ProtozcM 
were degenerate Ccelenterata. In his 
opinion “ degeneration is the great prin- 
ciple that explains the existence of all the 
lower forms ” 

If this Michelis-Dohm theory were tme, 
and all animals were realjy degenerate 
descendants of an originally perfect 
humanity, man would assuredly be the 
tme centre and goal of all^ terrestri^ 
life : his anthropocentric position and his 
immortality would be saved. Unfor- 
tunately, this trustful theory is in such 
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fla^^rant contradiction to all the known 
facts of paleontology and embryology 
that it is no longer worth serious scien- 
tific consideration. 

But the case is no better for the much- 
discussed descent of the Vertebrates from 
the Annelids, which Dohrn afterwards 
maintained with g^t 2eal. Of late 
years this hypothesis, which raised so 
much dust and controversy, has been 
entirely abandoned by most competent 
zoologists, even those who once sup- 
ported it. Its chief supporter, Dohm, 
admitted in 1890 that it is “dead and 
buried,” and made a blushing retracta- 
tion at the end of his Studies of the Early 
History of the VerUbraU. 

Now that the annelid-hypothesis is 
“dead and buried,” and other attempts to 
derive the Vertebrates from Medusae, 
Echinoderms, or Molluscs, liave been 
equally unsuccessful, there is only one 
hypothesis lefi to answer the question of 
the origin of the V’ertebrates— the hypo- 
thesis that I advanced thirtv-sia years 
ago and called the “ chorilonia-nypo- 
thcsis ” In view of its sound establish- 
ment and Its profound significance, it may 
very well claim to be a theory, and so 
should be described as the chordoma or 
chordaea theory 

I first advanced this theory in a series 
of university lectures in 1867, from which 
the History of Creation was composed 
In the first edition of this work (1868) 1 
endeavoured to prove, on the strength of 
Kowalevsky's epoch-making discoveries, 
that “ of all the animals known to us the 
Tunicates are undoubtedly the nearest 
blood-relatives of the Vertebrates , they 
are the most closely related to the 
Vermalia, from which the Vertebrates 
have been evolved. Naturally, I do not 
mean that the Vertebrates have descended 
from the Tunicates, but that the two 
groups have sprung from a common 
root. It is cle.ir that the real Vertebrates 
(primarily the Acrania) were evolved in 
very early times from a group of Worms, 
from which the degenerate Tunicates also 
descended in another and retrogressive 
direction.” This common extinct stem- 
group are the Prochordonia ; we still have 
a silhouette of them in the chordula- 
embryo of the Vertebrates and Tunicates; 
and they still exist independently, in very 
modified form, in thecl^s of the ^pelata 
{Appendtcaria, Fig. 325). 

Tiie chorda^heory received the most 
valuable and competent support from 


Carl G^^baur. This able comparative 
morpholomst defended it in 1870, in the 
second edition of his Elements of Com- 
paratroe Anatomy; at the same time he 
drew attention to the important relati nns 
of the Tunicates to a curious worm, 
Balanogiossus ; he rightly regards this as 
the representative of a special class ol 
worms, which he called “ gut-breathers ” 
C Enteropneusta J. Gegenbaur referred 
on many other occasions to the close 
blood-relationship of the Tunicates and 
Vertebrates, ana luminously explained 
the reasons that justify us in framing Uie 
hypothesis of the descent of the two stems 
from a common ancestor, an unsegmented 
worm-hke animal with an axial chorda 
between the dorsal nerve-tube and the 
ventral gut-tube. 

The theory afterwards received a good 
deal of support from the research made 
by a number of distinguished zoologists 
and anatomists, especially C. Kupfler, 
B. Hatschek, F. Balfour, E. Van Beneden, 
and Julin. Since Hatschek's Studies 0/ 
the Development of the A mphwxus ga\ u 
us full information as to the embryology 
of this lowest vertebrate, it has hocome 
so important for our purpose that we 
must consider it a document of the first 
rank for answering the question we are 
dealing with. 

The ontogenetic facts that we gather 
from this sole survivor of the Acrania 
are the more valuable for phylogenetic 
purposes, as paleontology, unfortunately, 
throws no light whatever on the origin 
of the Vertebrates. Their invertebrate 
ancestors were soft organisms without 
skeleton, and thus incapable of fossihsa- 
tion, as is still the case with the lowest 
vertebrates — the Acrania and Cyclostoma 
The same applies to the greater part of 
the Vermalia or worm-hke animals, the 
various classes and orders of which differ 
so much in structure. The isolated 
groups of this rich stem are living 
branches of a huge tree, the greater part 
of which has long been dead, and we 
have no fossil evidence as to its earlier 
form. Nevertheless, some of the sur- 
viving groups are very instructive, and 
pive us clear indications of the way 
in which the Chordonia were developed 
from the Vermalia, and these from the 
Coelenteria. 

While we seek the most important of 
these palingenetic forms among the 
groups of Crolenteria and Vermalia, it is 
understood that not a single one of them 
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must be re^rded as an unchanged, or 
even little changed, copy of the extinct 
stem-form. One group hai. retained one 
feature, another a different feature, of the 
original organi!>ation, and other organs 
have been further developed and charac- 
teristically modified Hence here, more 
than in any other part of our genealogical 
tree, we have to keep before our mind 
the /u/l picture of development, and 
separate the unessential secondary pheno- 
mena from the essential and primary. 
It will be useful first to point out the 
chief advances in organisation by which 
the simple Gastr.ea gradually became the 
more developed Chordata. 

We find our first solid datum in the 
gastrula of the Amphioxus (Fig 38) 
Its bilateral and Iri-axial t>pc indicates 
that the Gasincads — the common ances- 
tors of all the Mct.izoa — divided at an 
early stage into two divergent groups 
The uni-a\ul Gastrota became sessile, 
and gave rise to two stems, the Sponges 
and the Cnidaria (the fitter all reducible 
to siniple polyps like the hydra) But the 
tri a\Ud Ciaslr.ea assumed' <i certain pose 
or direction of the body on account of its 
swimming or creeping movement, and 
in order to sustain this it was a great 
advantage to share the burden etiually 
between the two halves of the bvidy (right 
and left) Thus arose the tv pical bilatei al 
form, which h.is three axes The same 
bilateral type is found in all our artificial 
means of locomotion — carts, ships, etc ; 
it IS bv far the best for the movement of 
the body in a certain dirvxttioii .and steady' 
position Hence natural selection early 
developed this bil.atcral type in a section 
of the G.isir.e.ads, and thus pnxluced the 
stem-forms of all the hil.iteral animals. 

The Gastnra bilateral ts, of which we 
may conceive the bilateral g.astrula of the 
amphiovus to be a p.alingcnetic reproduc- 
tion, represented the two-sided organism 
of the earliest Metazoa in its simplest 
form. The vegetal entoderm that lined 
their simple gut-c.ivity served for nutri- 
tion ; the cili.ited ectoderm that formed 
the external skin attended to locomotion 
and sensation , finally, the two primitive 
mcsodcrmic cells, that lay to the right 
and left at the ventral border of the primi- 
tive mouth, were sexual cells, and eflected 
reproduction. In order to understand the 
further development of the gastraia, we 
must pay particular attention to : (1) the 
careful study of the embryonic stages of 
the amphioxus that lie between the I 
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gastrula and the chordula ; (2) the mor- 
phological study of the simplest Platodes 
( Platodana and Turbellaria ) and several 
groups of unarticulatcd Vermalia ( Gas- 
trotneha, Nemeitina, Enterop^usta ). 

We have to consider the Platodes first, 
because they are on the border between 
(he two principal groups of the Metazoa, 
the Coelentena and the Ccciomaria. With 
the former they share the lack of body- 
cavity, anus, and vascular system ; with 
the latter they have in common the 
bilateral type, the possession of a pair of 
nephridia'or renal canals, and tlie forma- 
tion of a vertical brain or cerebral 
ganglion. It is now usual to distinguish 
four classes of Platodes • the two free- 
living classes of the primitive worms 
f Platodana ) and the coiled - w’orms 
( Turbellana ), and the two parasitic 
classes of the suctorial worms f Trema- 
toila ) and the tape-worms ( Cestoda ). 
We Ime only to consider the first two of 
these cl.is.scs , the other two are j»ra,sites, 
and have descended from the former by 
adaptation to parasitic habits and conse- 
quent degeneration. 

The primitive worms ( Platodana ) are 
very' small flat w’orms of simple con- 
struction, but of great morphological and 
phylogcncti., interest. They have been 
hitherto, as a rule, regarded as a special 
order of the Turbellana, and associated 
with the Rhahdoiwla, but they differ 
considerably from these and all the other 
Pl.atodes (flat worms) in the absence of 
renal c<inals and a special central nervous 
system ; the structure of their tissue is 
also simpler than in the other Platodes. 
Most of the Platodes of this group 
(Aphanostomum, Amphtchcerus, Convo- 
luta, Schijsoprom, etc) arc very soft and 
delicate animals, swimming about m the 
sea by means of a ciliary coat, and very 
small (tV to ^>1 inch long). Their oval 
body, w ithout appendages, is sometimes 
spindle-shaped or cylindrical, sometimes 
flat and leaf-shap^. Their skin is 
merely a layer of ciliated ectodermic cells. 
Under this is a soft medullaiy substance, 
which consists of entoderniic cells with 
vacuoles. The food passes through the 
moullt directly into this digestive medul- 
lary substance, in which we do not 
generally see any permanent gut-cavity 
(it may have entirely collapsed); hence 
these primitive Phitodes have been called 
Accela (w'ithout gut-cavity or coelom), or, 
more correctly, Cryptocaela, or Pseudoccela. 
The sexual organs of these hermaphroditic 
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Platodaria are veiy simple — two pairs of | 
strings of cells, the inner of which (the 
ovaries, Fig. 239 0) produce ova, and 
the outer (the spermaria, s) sperm-cells. 
These gonads are not yet independent 
sevial glands, but sexually differentiated 
cell-groups in the medullary substance, 
or, in other words, parts of the gut-wall. 
Their products, the sex-cells, are conveyed 
out behind by two pairs of short canals ; 



the male opening ( m) lies just behind 
the female (f). Most of the Platodaria 
have not the muscular pharynx, which is 
very advanced in the Turbellaria and 
Trematoda. On the other hand, they 
have, as a rule, before or behind the 
mouth, a bulbous sense-organ (auditory 
vesicle or organ of equiiibnum, g), and 
many of them have also a couple o? simple 
optic spots. The cell-pit of tne ectoderm 


I that lies underneath is rather thick, and 
represents the first rudiment of a neural 
gai^lion (vertical brain or acroganglion). 

The Turbellaria, with which the ^milar 
Platodarta were formerly classed, differ 
materially from them in the more advanced 
structure of their organs, and especially 
in having a central nervous system (verti- 
cal brain) and excretory renal canals 
(nephridia) ; both originate from the ecto- 
derm. But between the two germinal 
layers a mesoderm is developed, a soft 
mass of connective tissue, in which the 
oi^ans are embedded The Turhellana 
are still represented by a number of dif- 
ferent forms, in both fresh and sca-watci. 
The oldest of these are the very rudi- 
mentary and liny forms that are known 
as Rkabdocoela on account of the simple 
construction of their gut ; they are, as a 
rule, less than a quarter of an inch long, 
and of a simple oval or lancet shape (Fig. 
240). The surface is covered with ciliated 
^ithelium, a stratum of ectodermic colls. 
ThedigestUc gut is still the simple primi- 
tive gut of the gastraea (d), with a 
single aperture that is both mouth and 
anus (m). There is, however, an in- 
vagination of the ectoderm at the mouth, 
which has given rise to a muscular 
pharynx ( sdj. It is noteworthy that the 
mouth of the Turbellaria (like the primi- 
tive mouth of the Uastraia) may, in this 
class, change its position considerably in 
the middle line of the ventral surface ; 
sometimes it lies behind ( Opisthostomum), 
sometimes in the middle [ MesostomumJ, 
sometimes in front ( ProsostomumJ, 
This displacement of the mouth from 
front to rear is very interesting, because 
it corresponds to a phylogenetic displace- 
ment of the mouth. This probably 
occurred in the Platode ancestors of most 
(or all •*) of the Cuelomaria ; in these the 
permanent mouth ( metasioma ) lies at 
the fore end (oral pole), whereas the 
primitive (pnstoma) lay at tlie 

hind end of the bilateral body. 

In most of the Turbellaria there is a 
narrow cavity, containing a number of 
secondary organs, between the two 
primary germinal layers, the outer or 
animal layer of which forms the epidermis 
and the inner vegetal layer the visceral 
epithelium. The earliest of these organs 
are the sexual organs ; they are very 
variously constructed in the Platode* 
class ; in the simplest case there are 
merely two pairs of gonads or sexual 
glan((»— A pair of testicles (Fi^, 
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and a pair of ovaries (e). They open 
externally, sometimes by a common 
aperture ( Monogonopora ), sometimes by 
separate ones, the female behind the male 
(Jjtgtmopora, Fig. 241). The sexual 
glands develop originally from the two 
promesoblasts or primitive mesodermic 
cells (Fig. 83 p). As these earliest meso- 
dermic structures extended, and became 
spacious sexual pouches in the later 
descendants of the Platodes, probably the 
two coelom-pouches were formed from 
them, the first trace of the real body- 
cavity of the higher Metazoa ( EtUero- 

Thc gon.ids are among the oldest 
organs, the few other organs that we 
find in the Platodes between the gut-wall 
and body-wall being later evolutionary 
products. One of the oldest and most 
important of these are the kidneys or 
nepkrtduL, which remove unusable matter 
from the body (Fig 240 nc). These 
unnary or excretory organs were origi- 
nally enlarged skin-glands — a couple of 
canals that run the length of the Ixidy, 
and have a separate or common external 
aperture ( nm ) They often have a 
number of branches. These special ex- 
cretory organs are not found in the other 
Coelentcria (Gastrseads, Siranges, Cni- 
daria) or the Cryptocoela They are first 
met in the Turoellarta, and nave been 
transmitted direct from these to the 
Vermalta, and from these to the higher 
stems 

Finally, there is a verv important new 
organ in the Tutbellaria, which we do 
not find in the Cryptoccela (Fig 239) 
and their gastrsead ancestors — the rudi- 
mentary nervous system. It consists of 
a couple of simple cerebral ganglia (Fig. 
i4i ;e)and fine nervous fibres that radiate 
from them ; these are partly \ oluntary 
nerves (or motor fibres) th.i't go to the 
thin muscular layer developing under the 
skin ; and partly sensory nerv’es that 
proceed to the sense-cells of the riliated 
epiderm (f). Many of the Turbellaria 
have also special sense-organs ; a couple 
of cili.ated smell pits (na), rudimentary 
eyes ( an j, and, less frequently, auditory 
vesicles 

On these principles I assume that the 
oldest and simplest Turbellaria arose 
from Platodaria, and these directly from 
bilateral Gastracads. The chief advances 
were the formation of gonads and neph- 
ridia, and of the rudimentary brain. On 
this hypothesis, which 1 advanced in 1873 
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in the first sketch of the gastraea-theory 
C Monograph on the Sponges), there is no 
direct affinity between the Platodes and 
the Cnidaria. 

Next to the ancient stem-group of the 
Turbellaria come a number of more 
recent chordonia ancestors, which we 
class with the Vermalta or Helmtnthes, 
the unarticulated worms. These true 



^ nuie ap^ure, $ femali 
dilated epidWm. (Diagram.) 


worms (Vermes, lately also called Scale- 
cilia J are the difficulty or the lumber-room 
of the zoological classifier, because the 
various classes have very complicated 
relations to the lower Platodes on the one 
hand and the more advanced animals on 
the other. But if we exclude the Platodes 
and the Annelids from this stem, we find 
a fairly satisfactory unity of organisation 
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in the remaining classes. Among these 
worms we find some important forms 
that show considerable advance in organi- 
sation from the platode to the chordoma 
stage Three of these phenomena are 
I»rticularly instructive : (i) The forma- 
tion of a true (secondary ) body-cavity 
(cceloma) , (2) the formation of a second 
aperture of the gut, the anus , and (3) the 
formation of .1 vascular system The 
great majority of the Vermalia have these 


of an antis at the posterior end (Fig 
243 a). Further, the cilia that cover th 
whole surface of the Turbellaria are con 
fined in the Gastrotricha to two ciliate< 
bands (f) on the ventral surface of Jh 
oval body, the dorsal surface havinj 
bristles. Otherwise the organisation o 
the two classes is the same. In both thi 
gut consists of a muscular gullet (s) and . 
glandular primitive gut ( d). Over th 
gullet is a double brain (acroganghon, 



three features, and they are all wanting 
in the Platodes ; in the rest of the worms 
at least one or two of them are developed. 

Neat and very close to the Platodes we 
have the Ichthydina ( Gastrotricha ), little 
marine and fresh-water worms, about 
to n't? inch_ long. Zoologists differ 
as to their position in classification. In 
my cranion, they abroach very close to 
the Rhabdocoela (Figs. 340, 241), and 
differ ih>m them chiefly in the possession 


At the side of the gut are two scrpcntini 
prorenal canals (water-vessels or pro 
nephridia, nc), which open on the ventra 
side f nm ). Behind are a pair of simpli 
sexual glands or gonads (Fig. 243 e) 
While the Ichthydina arc thus closel' 
related to the Platodes, we have to gi 
farther away for the two classes o 
Vermalia which we unite in the group o 
the “ snout-worms ” ( Fronionta ). Thesi 
are the Nemerltna and the Enter opneusta 
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with the mucli less advanced Turbellaria. 
But they differ essential!} from them in 
ha\'ing an anus and bloud-\essels, and 


) formerly classed I is veiy remarkable, and may be regarded 


as the last survivor of an ancient and 
long-extinct class of Vermalia. They 
are related, on the one hand, to the 


narrow bodies, like a more or less flattened forms of the Chordonia on the other, 
cord : there are, besides several small The Enteropneusta (Fig. 245) live in 
species, giant-forms with a width of Ito | the sea sand, and are long wonns of very 
inch and a length of several yards (even simple shape, like the Nemertina. From 
ten to fifteen). Most of them live in the the latter they have inherited : (i) The 
sea, but some in fresh water and moist bilateral type, with incomplete segmenta- 
earth. In their internal structure they tion ; (2) the ciliary coat of the soft epi- 
approach the Turbellaria on the one hand dermis; (3) the double rows of gastric 
and the higher Vermalia (especially the pouches, alternating with a single or 
Enteropneusta) on the other. The> have double row of gon^s ; (4) separation of 
a good deal of interest as the lowest and the sexes (the Platode ancestors were 
oldest of all animals with blood. In them hermaphroditic) ; (5) the ventral mouth, 
we find blood-\esseK for the first time, underneath a protrudinfr snout ; (6) the 
distributing real blood through the bod}, anus terminating the simple gut-tube; 


distributing real blood through the bod}. | anus terminating the simple gut-tube; 

and several parallel blood- 
B . canals, running the length of 

the body, a dorsal and a ventral 
y' / principal stem. 

\ — / On the other hand, the En- 

\ — — — / teropneusta differ from their 

\ f ^ j Nemertine ancestors in several 

\ ^ ^ J I features, some of which are 

n \ - / important, that we m.tv attri- 

\ / bute to adaptation. Tlie chief 

y of these is the branchial gut 

tF'fr HS The anterior 

section of the gut is converted 
into a respiratory organ, and 
Fio Transvana aaethm of tha branohlal gut. M of pierc^ by two rows of gill- 
clefts ; betw^n these there is 
to fthow the f^tion of the doi^ brandual-^t ca\ity A branchial (^*11) skeleton, 
fr} to tiwphaimgMi or hypobrmochiai groove fi.} formed of rods and plates of 

chitinc. The water that enters 


The blood is red, and the red colouring- ' 
matter is hsmoglobin, connected with | 
elliptic discoid blood-cells, as in the Verte- ' 
brates Most of them have two or three 
parallel blood-canals, which run the whole 
length of the body, and are connected in 
front and behind by loops, and often by 
a number of rin^r-shap^ pieces. The 
chief of these primitive blood-vessels is the 
one that lies above the gut in the middle 
line of the back (Fig. 24A r) , it may be 
compared to either the oorsal vessel of 
the Articulates or the aorta of the Verte- 
brates. To the right and left are the two 
serpentine lateral vessels (Fig. 244 /) 

After the Nemertina, 1 take (as distant 
relatives) the Enieropneusia; they may be 
classed together with them as Frontonta 
or Rhyncocoela (snout-worms). There is 
now only one genus of this class, with 
several species (Balanoglostus) ; but it 


at the mouth makes its exit h\ these clefts. 
They he in the dorsal half of the fore-gut, 
and this is completely separated from the 
ventral half by two longitudinal folds 
(Fig. 246 A*). This ventral half, the 
glandular walls of which are clothed with 
ciliary epithelium and secrete mucus, 
corresponds to the pha^ngcal or hypo- 
branchial groove of the Chordonia ( FnJ, 
the important organ from which the 
later thyroid gland is developed in the 
Craniota (cf p. 184). The agreement in 
the structure of the branchial gut of 
the Enteropneusts, Tunicates, and Verte- 
brates was first recognised by Gegenbaur 
(1878) ; it is the more significant as at 
first we find only a couple of gill-clefts in 
the young aniinals of all three groups ; 
the nuniDer gradually increases. We 
can infer from this the common descent 
of the three groups with all the more 
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confidence when we find the Balano- 
giossus approaching the Chordonia in 
other resp^s. Thus, for instance, the 
chief part of the central nervous system 
is a long dorsal neural string that 
runs above the gut and corresponds to 
the medullary tube of the Chordonia. 
Bateson believes he has detected a rudi- 
mentary chorda between the two. 

Of all extant invertebrate animals the 
Enteropncusts come nearest to the Chor- 
donia in virtue of these peculiar char- 
acters , hence we may regard them as the 
survivors of the ancient gut-breathing 
Vermalia from which the Chordonia also 
have descended. Again, of all the chorda- 
animals the Copelata (Fig 225) and the 
tailed larvre of the ascidia approach 
nearest to the young Balanoglossus Both 
are, on the other hand, veiy closely related 
to the Amphtoxus, the Primitive Verte- 
brate of which we have considered the 
importance (Chapters XVI. and XVII.). 
As we saw’ there, the unarticulated 
Tunicates and the articulated Vertebrates 
must be regarded as two independent 
stems, that have developed in divergent 
directions. But the common root of the 
two stems, the extinct group of the 
Prochordonia, must be sought in the 
vermalia stem ; and of all the living 
Vermalia those we have considered give 
us the safest clue to their origin. It is 
true that the actual representatives of the 
important groups of the Copelata, Balano- 
glossi, Ncmcrtina, Icth>dina, etc , have 
more or less departed from the primitive 
model owing to adaptation to special 
environment. But vve may just as con- 
fidently aiTinu that the main features of 


their organisation have been preserved 
by heredity. 

We must grant, however, that in the 
whole stem-history of the Vertebrates the 
long stretch from the Gastraeads and 
Platodes up to the oldest Chordonia 
remains by far the most obscure section. 
We might frame another hypothesis to 
raise the difficulty — namely, that there 
wras a long series of very different and 
totally extinct forms between the Gastraea 
and the Chordaea. Even in this modi- 
fied chordaia-theoiy the six fundamental 
organs of the chordula would retain their 
great value. The medullary tube would 
be originally a chemical sensoiy organ, a 
dorsal olfactory tube, taking in respira- 
torj’-water and food by the neuroporus 
in front and conveying them by the 
neurenteric canal into the primitive gut. 
This olfactory lube would afterwards 
become the nerv’ous centre, while the 
expanding gonads (lying to right and left 
of the primitive mouth) would form the 
cocloma. The chorda may have been 
originally a digestive glandular groove 
in the dorsal middle line of the primitive 
gut. The two secondary gut-openings, 
mouth and anus, may have arisen in 
various ways by change of functions. In 
any case, we should ascribe the same 
high value to the chordula as we did 
before to the gastrula. 

In order to explain more fully the chief 
stages in the advance of our race, I add 
the hypothetical sketch of man’s ancestry 
that I published in my Last Link [a trans- 
lation by Dr Gadow of the paper read at 
the International Zoological Congress at 
Cambridge in 1898] . — 



A.-Maii’8 Genealogical Tree, First Half: i B.-Man’s Genealogical Tree, Second Half: 

EARLIER SERIES OF ANCESTORS, WITHOUT LATER ANCESTORS, WITH FOSSIL EVIDENCE. 
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Our task of detecting the extinct ancestors I 
of our race among the vast numbers of j 
animals known to us encounters very | 
different difficulties in the various sections , 
of man’s stem-histoty. These were very j 
great in the series of our invertebrate 
ancestors ; they are much slighter in 
the subsequent series of our vertebrate 
ancestors. Within the vertebrate stem 
there is, as -ne have already seen, so 
complete an agreement in structure and 
embryology that it is impossible to doubt 
their phylogenetic unitv. In this case 
the evidence is much clearer and more 
abundant. _ ... I 

The characteristics that distinguish the 
Vertebrates as a whole from the Inverte- 
brates have already been discussed in our 
description of thc'hynothctical Primitive 
Vertebrate (Chapter A I , Figs. 98-102) 
The chief of these are (1) The evolution 
of the primitive brain into a dorsal 
mcdullarv tube , (2) the formation of the 
chorda tietvvcen the medullary tube and 
the gut , (3) the division of the gut into 
br.anchi.il (gill) and hepatic (liver) gut , 
and (4) the internal articulation or meta- 
merism. The first three features are 
shared by the V’ertebrates with the 
ascidia-larv.'e and the Prochordonia , the ' 
fourth is peculiar to them. Thus the 
chief .'idvant.age in organisation by which 
the earliest Vertebrates took precedence 
of the unsegmenled Chordonia consisted 
in the development of internal segmenta- 

The whole vertebrate stem div ides first 
into the two chief sections of Acrania and 
Craniota. The Amphioxus is the only 
surviv ing representative of the older and 
lower section, the Acrania (“ skull-less ”). 
All the other vertebrates belong to the 
second division, the Craniota (“skull- 
animals”). [The Craniota descend directly 
from the Acrania, and these from the 
primitive Chordonia. The exhaustive 
study that we made of the comparative 
anatomy and ontogeny of the Ascidia and 
the Amphioxus has proved these relations 
for us. (See Chapters XVI. and XVll.) 


The Amphioxus, the lowest Vertebrate, 
and the Ascidia, the nearest related 
Invrertebrate, descend from a common 
extinct stem-form, the Chordaea ; and 
this must have had, substantially, the 
organisation of the chordula. 

However, the Amphioxus is important 
not merely because it fills the deep gulf 
between the Invertebrates and Verte- 
brates, but also because it shows us to- 
day tjio tvpical vertebrate in all its sim- 
plicity. We owe to it the most important 
data that we proceed on in reconstructing 
the gradual historical dev'elopment of the 
whole stem. All the Craniota descend 
from a common stem-form, and this was 
substantially identical in structure with 
the Amphioxus This stem-form, the 
Primitive Vertebrate {Prospondj^lus, Figs. 
98-102), had the characteristics of the 
vertebrate as such, but not the important 
features that distinguish the Craniota 
from the .Acrania Though the Amphi- 
oxus lias many peculiarities of structure 
and has much aegenerated, and though 
it cannot be regarded as an unrhang^ 
descendant of ine Primitive Vertebrate, 

It must have inherited from it the specific 
characters we enumerated above. We 
may not sav that “ Amphioxus is the ■ 
ancestor of the Vertebrates ” ; but w'e can 
say : “ Amphioxus is the nearest relation 
to the ancestor of all the animals we 
know ” Both belong to the same small 
family, or lowest class of the Vertebrates, 
that we call the .Acrania. In our genea- 
logical tree this group forms the twelfth 
stage, or the first stage among the verte- 
brate ancestors (p. 228). From this group 
of Acrani.'i both the Amphioxus and the 
Craniota were evolved. 

The vast division of the Craniota 
embraces all the Vertebrates known to 
us, w'ith the exception of the Amphioxus. 
All of them have a head clearly differen- 
tiated from the trunk, and a skull enclos- 
ing a brain. The head has also three pairs 
of higher sense-organs (nose, eyes, and 
ears). The brain is veiy rudimentary at 
first, a mere bulbous enlargement of the 
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fore end of the nudullary 
tube. But it is soon 
divided by a number of 
transverse constrictions 
into, first three, then five 
successive cerebral 
vesicles. In this forma- 
tion of the head, skull, 
and brain, with further 
development of the higher 
sense-organs, we nave 
the advance that the 
Craniota made beyond 
their skull-less ancestors. 
Other organs also at- 
tained a higher develop- 
ment ; they acquired a 
compact centralised heart 
with i-alves and a more 
adi-aiiced liver and kid- 
neys, and made progress 
in other important 


res^. 

may dtv ide the 
Craniota generally into 
Cyclostoma (“round- 
mouthed ”) and Gnatho- 
stoma (“jaw-mouthed”). 
There are only a few 
groups of the former in 
existence now, but they 
are vei^ interesting, 
because in their whole 
structure they stand mid- 
wav between thcAcrania 
and the Gnathostoma. 
They are much more 
advanced than the Acra- 
nia, much less so than 
the fishes, and thus form 
a very welcome con- 
necting-link between the 
two groups. We may 
therefore consider them 
a special intermediate 
mx>up, the fourteenth and 
fifteenth stages 


The few surviving 
species of the Cyclostoma 
are divided into two 
orders — the Myxvanides 
and the Petrvmysontes. 
The former, the hag- 



fishes, have a long, cylindrical, worm- 
like body. They were classed by Linnd 
with the worms, and by later xoologists 
with the fishes, or the amphibia, or 
the molluscs. They live in the sea, 
usually as parasites of fishes, into 
the skin of which they bore with 
their round suctorial mouths and their 
tongues, armed with homy teeth. They 
are sometimes found alive in the body- 
cavity of fishes (such as the torsk or 
sturgeon) ; in these cases they have passed 
through the skin into the interior. The 
second order consists of the Petro- 
myzontes or lampreys ; the small river 
lamprey ( Petromyeon Jhnnattlis ) and 
the large marine lanmrey {Petromyeon 
marinus. Fig. 247). They also have a 
round suctorial mouth, with homy teeth 
inside it ; by means of this they attach 
themselves by sucking to fishes, stones, 
and other objects (hence the name Petro- 
myson = stone-sucker). It seems that 
this habit was very widespread among 
the earlier Vertebrates ; the larvse of 
many of the Ganoids and frogs have 
suctorial disks near the mouth. 

The class that is formed of the Myxi- 
noides and Petromyzontes is called the 
Cyclostoma (round • mouthed), because 
their mouth has a circular or semi-circular 
aperture. The jaws (upper and lower) 
that we find in all the higher Vertebrates 
are completely wanting in the Cyclostoma, 
as in the Amphioxus. Hence the other 
Vertebrates are collectively opposed to 
them as Gnathostoma (jaw-mouthed). 
The Cyclostoma might also be call^ 
Monorktna (single-nosed), because they 
have only a single nasal passage, while 
all the Gnathostoma have two nostrils 
{A mphxrktna = double-nosed). But apart 
from these peculiarities the Cyclostoma 
differ more widely from the fishes in 
other special features of their structure 
than the fishes do from man. Hence they 
are obviously the last survivors of a very 
ancient class of Vertebrates, that was 
far from attaining the advanced organisa- 
tion of the true fish. To mention only 
the chief points, the Cyclostoma show no 
trace of pairs of limbs. Their mucous 
skin is quite naked and smooth and 
devoid of scales. There is no bony 
skeleton. A very rudimentary skull is 
developed at the foremost end of their 
chorda. At this jjoint a soft membranous 
(partly turning into cartilage), small 
skull-iapsule is formed, and encloses the 
brain. 
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The brain of the Cyclostoma is merelv 
a veiy small and comparatively insig^ni- 
ficant swelling of the spinal marrow, a 
simple vesicle at first It afterwards 
divides into five successive cerebral vesi- 
cles, like the brain of the Gnathostoma. 
These five primitive cerebral vesicles, 
that are found in the embryos of all the 
higher vertebrates from the fishes to man, 
and grow into very complex structures, 
remain at a very rudimentary stage in the 
Cyclostoma. ‘^e histological structure 
of the nerves is also less advanced than 
in the rest of the vertebrates. In these 
the auscultory organ always contains 
three circular canals, but in the lampreys 
there are only two, and in the hag-fishes 
only one. In most other respects the 
organisation of the Cyclostoma is much 
simpler — for instance, in the structure of 
the heart, circulation, and kidneys. We 
must especially note the absence of a 
very important organ that we find in the 
fishes, the floating bladder, from which 
the lungs of the higher Vertebrates have 
been developed 

When we consider all these peculiarities 
in the structure of the Cyclostoma, we 
may formulate the following thesis: 
Two divergent lines proceeded from 
the earliest Craniota, or the primitive 
Craniota { Arckuranta). One of these 
lines is preserved in a greatly modified 
condition : these are the Cyclostoma, 
a very backward and partly degenerate 
side-line. The other, the chief line of 
the Vertebrate stem, advanced straight 
to the fishes, and by fresh adaptations 
acquired a number of important improve- 
ments. 

The Cyclostoma are almost always 
classified by zoologists among the fishes ; 
but the incorrectness of Ais may be 
judged from the fiict that in all the chief 
and distinctive features of organisation 
they are further remot-ed from the fishes 
than the fishes are from the Mammals, 
and even man. With the fishes we enter 
upon the vast division of the jaw-mouthed 


Fu. *48:— Foeiil Pemlan primitive Ilshf/Viw- 

fmemniktu DRekRtut)^ from the red aandetone of Soat- 
brOcken. (From Dtidfrinn,) 1 Skull and braodual 

U riUHirdies, s jaw^eeth, n (rullat-teeth. neck-apoie. 
II Vertebral cotuiim: eiwoper archea,a6loweraraiea, 
Ar intercentra, r riba. III. Sincle fini ■ d dorsal fin, 
c tail-fin (tail-aid wanting), «n anuafin,/! aupportcr of 
fin-raya. IV. Breaat-fin . jcahouldei-xone. axfin-aaia. 
aa double lines of fin-raya, it additional raya, aefi plates. 
V. Venlralfin ^pelv^ mx fin-ana, at nii«rle raw of 
fin-nura, fit a dditinn a l rayi, at* icalee, pena. 
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or double-nosed Vertebrates f Gnatho- 
sloma or A mphtrhina ). We have to con- 
sider the fishes carefully as the class 
which, on the evidence of palaeontology. 



comparative anatomy, and ontogeny, may 
be r^arded with abwlute certainty as the 


stem-class of all the higher Vertebrates 
or Gnathostomes. Naturally, none of the 
actual fishes can be considered the direct 
ancestor of the higher Vertebrates. But 
it is certain that all the Vertebrates or 
Gnathostomes, from the fishes to man, 
descend from a common, extinct, fish-like 
ancestor. If we had this ancient stem- 
form before us, we would undoubtedly 
class it as a true fish. Fortunately, the 
comparative anatomy and classification 
of the fishes are now so far advanced that 
we can get a very clear idea of these 
interesting and instruc.ti\e fc.iturcs. 

In order to understand properly the 
genealogical tree of our race within the 
vertebrate stem, it is important to bear in 
mind the characteristics that separate 
the whole of the Gnathostomes from the 
Cjclostomes and Cramota. In these 
respects the fishes agree entirelj with all 
the other Gnathostomes up to man, and 
it IS on this that we base our claim of 
relationship to the fishes. The following 
characteristics of the Gnathostomes arc 
anatomic features of this kind, (i) The 
internal gill-arch apparatus with the jaw- 
arches , (2) the pair of nostrils ; (3) the 
floating bhadderor lungs , and (4) the two 
pairs of limbs 

The peculiar formation of the frame- 
work of the branchial (gill) arches and 
the connected maxillary (j.aw) apparatus 
is of importance in the whole group of 
the Gnathostomes. It is inherited in a 
rudimentarj form hy all of them, from 
the earliest fishes to man It is true th.it 
the pnmitne transform.it ion (which we 
find even in the Ascidia) of the fore gut 
into the branchi.al gut c.m he traced in all 
the Vertebrates to the same simple type ; 
in this respect the gill-clefts, which pierce 
the walls of the branchial gut in all the 
Vertebrates and in the Ascidia, are very 
characteristic. But the external, super- 
ficial branchial skeleton that supports the 
gill-crate in the Cyclostoma is replaced in 
the Gnathostomes by an infcfTta/ branchial 
skeleton. It consists of a number of 
successive cartilaginous arches, w'hich he 
in the wall of the gullet between the 
gill-clefts, and run round the gullet from 
both sides. The foremost pair of gill- 
arches become the maxillary arches, from 
which we get our upper and lower jaws. 

The olfactory organs arc at first found 
in the same form in all the Gnathostomes, 
as a pair of depressions in the fore part 
of the skin of the head, above the mou^ ; 
hence, they are also called the Amphirhina 
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(“double-nosed ”). The Cyclostoma 
are" one-nosed” ( Monorhtna J; their 
nose is a single passage in the middle 
of the frontal surface. But as the 
olfactory ner\e is double in both 
cases, it is possible that the peculiar 
form o( the nose in the actual Cyclo- 
stomes is a seconds^ acquisition (by 
adaptation to suctorim habits). 

A third essential character of the 
Gnathostomes, that distinguishes 
them very conspicuously from the 
lower vertebrates we have dealt with, 
is the formation of a blind sac by 
invagination from the fore part of the 
gut, which becomes in the fishes the 
air-filled fioatingbladder. This organ 
acts as a hydrostatic apparatus, in- 
creasing or reducing the specific 
gravity of the fish by compressing or 
altering the quantity of air in it. The 
fish can rise or sink in the water by 
means of it. This is the organ from 
which the lungs of the higher >erte- 
braies arc dc\ eloped. 

Finally, the fourth character of the 
Gnathostomes in their simple em- 
bryonic form is the two pairs of 
extremities or limbs — a pair of fore 
legs (breast-fins in the fish. Fig. 2$ov) 
and a pair of hind legs (ventral fins 
in the fish. Fig. 250 A), The com- 
parative anatomy of these fins is veiy 
interesting, because they contain the 
rudiments of all the skeletal parts 
that form the framework of the fore 
and hind legs in all the higher verte- 
brates right up to man. There is no 
trace of these pairs of limbs in the 
Acrania and Cyclostomes. 

Turning, now, to a closer inspection 
of the fish class, we may first divide 
it into three groups or sub-classes, 
the genealogy of which is well known 
to us. The first and oldest group is 
the sub-class of the Selachtt or pnmi- 
tive fishes, the best-known represen- 
tatives of w'hich to-day are the orders 
of the sliarks and rays (Figs. 248- 
252). Next to this is the more 
advanced subclass of the plated fishes 
or Ganoids (Figs. 253-5). It has 
been long extinct for the most part, 
and has very few living representa- 
tives, such as the sturgeon and the 
bony pike ; but we can form some 
idea of the earlier extent of this 
interesting group from the large 
numbers of fossils. F rom these plat^ 
fishes the subclass of the bony fishes 
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or TeUottei was devdoped, to which the 

E t majority of living fishes belong 
iclally^ nearly all our river fishes^ 
parative anatomy and ontogeny show 
clearly that the Ganoids descended from 
the Selachli, and the Teleostei from the 
Ganoids. On the other hand, a collateral 



line, or rather the advancing chief line of 
the vertebrate stem, was developed from 
the earlier Ganoids, and this leads us 
through the group of the Dipneusta to 
the importwt division of the Amphibia. 

The earliest fossil remains of Verte- 
brates that we know were found in the 


Upper Silurian (p. aoi), and belong to 
two groups — Ae Selachii and the Ganoids. 
The most primitive of all known repre- 
sentatives of the earliest fishes are pro- 
bably the remarkable Pleuracanthida, the 
^ncmPteuracantkia, Xenacantkus, Ortho- 
cantkiu, etc. (Fig. x^). These ancient 
cartilaginous fishes aigrce in most points 
of structure with the real sharks (Figs. 
Z49, 250) ; but in other respects they seem 
to be so much simpler in organisation 
that many palaxintologists separate them 
altogether,and regard them asPmse/achtt; 
they are probably closely related to the 
extinct ancestors of the Gnathostomes. 
We find well-preserved remains of them 
in the Permian period. Well-preserv^ 
impressions of other sharks are found in 
the Jurassic schist, such as of the angel- 
fish (Squahna, Fig. 251) Among the 
extinct earlier sharks of the Tertiary 
period there were some twice as large as 
the biggest living fishes; Carcharmion 
was more than too feet long. The sole 
surviving species of this genus ( C. 
RondeUti) is eleven yards long, and has 
teeth two inches lung , but among the 
fossil species we find teeth six inches long 
(Fig. 252) 

From the primitive fishes or Selachii, 
the earliest Gnathostomes, was developed 
I the legion of the Ganoids. There are 
very few genera now of this interesting 
and varied group — the ancient sturgeons 
\ (AcdpenserJ, the eggs of which are 
eaten as caviare, and the stratified pikes 
(Potypterus, Fig. 255) in Afncan nvers, 
and bony pikes ^ Leptdosieus) in the rivers 
of North America. On the other hand, 
we have a great variety of specimens of 
this group in the fossil state, from the 
Upper Silurian onward. Some of these 
fossil Ganoids approach closely to the 
Selachii ; others are nearer to the 
Dipneusts ; others again represent a 
transition to the Teleostei. For our 
genealogical purposes the most interest- 
ing are the intermediate forms between 
the Selachii and the Dipneusts. Huxley, 
to whom we owe particularly important 
works on the fossil Ganoids, classed them 
in the order of the Croaopterygiu Many 
genera and species of this order are found 
m the Devonian and Carboniferous strata 
(Fig. 253); a single, greatly mt^tfied 
survivor of the group is still found in the 
large rivers of Africa (PNyMertu, Fig. 
255, and the closely relat^ Ccuamickthys). 
In many impressions of the Crossopteiygii 
the floating bladder seems to ossind. 
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and therefore well or less modified, either in consequence of 

in the Undina remote correlation to the precedin^^ 01 

behind the head). owinj^ to new adaptations. 

Part of these Crossopterygii In the vertebrate stem it was unques- 

veryclosely in their chief ant tionably a branch ofthe fishes— in Cu:t, of 

to the Dipneusts, and thus represent phy- the Ganoids— that made the first fortunate 
logenetically the transition from the experiment during the Devonian period 
Devonian Ganoids to the earliest air- of adapting themselves to terrestrial life 
breathing vertebrates. This important and breathing the atmosphere. This ' . ' 
advance was made in the Devoniai i modification of the heart and the 

period. The numerous fossils that we e. The true fishes have merely a pair 

I the first two geologic of blind olfactory pits on the surface — 

the Laurentian and Cambrian periods, I the head ; but a connection of these with 
belong exclusively to aquatic plants and ! the cavity of the mouth was now formed, 
animals. From this palaeontological fact, | A canal made its appearance on each side, 
in conjunction with important geological 1 and led directly from the nasal depression 
and biological indications, we may 
infer with some confidence that 
there were no terrestrial animals 
at that time. During the whole 
of the vast archeozoic period — 
many millions of years — the living 
population of our planet consists 
almost exclusively of aquatic organ- 
isms , this is a very remarkable 
fact, when we remember that this 
period embraces the larger half of 
the whole history of life. The lower 
animal-stems are wholly (or with 
very few exceptions) aquatic. But 
the higher stems also remained in 
the water during the primordial 
epoch. It was only towards its close 
that some of them came to live on 
land. We find isolated fossil remains 
of terrestrial animals first in the 
Upper Silurian, and in larger 
numbers in the Devonian strata, 
which were deposited at the begin- 
ning of the second chief sectio — ^ 
geology (the paleozoic age). The fw. .s»— T ooth of a gigaiitle sharic (Cmrck^nAm 

number increase ‘ rably ‘ f™n the Plwcene >t Malta. Half natural tua. 

the Carboniferous and Perm (From ) 
deposits. We find many species 

both of the articulate and the vertebrate j into the mouth-cavity, 

n land and breathed the | atmospheric air to the „ 
atmosphere ; their aquatic ancestors of ” ' -losed. Further, in all 

the Silurian period only breathed water, true fishes the heart has only two sections 
This important change in respiration is — an atrium that receives the venous 
the chief modification that the animal blood from the veins, and a ventricle 
organism underwent in passing from the that propels it through a conical artery 
water to the solid land. The first < — . to the gills ; the atrium was now divided 

..-a the formation of lungs for into two halves, or right and left auricles, 

breathing air ; up to that time the plls by an incomplete partition. The right 
alone hrul served for respiration. But j auricle alone now received the venous 

there was at the same time a great , blood fiom the body, while the left auricle 

change in the circulation and its orgims ; 1 received the venous blood that flowed 
these are always very closely correlated to ' from the lungs wd gills to the heart, 
the respiratory organs. Moreover, the ■ Thus the double circulation of the higher 
limbs and other organs were also more 1 vertebrates was evolved from the simple 
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circulation of the true fishes, and. in 
accordance with the laws of correlation, 
this advance led to others in the structure 
of other organs. 

The vertebrate class, that thus adapted 


they retained the earlier gill-respiration 
along with the new pulmonary (lung) 
respiration, like the lowest amphibia. 
This class was represented during the 
paleozoic ago (or the Devonian, Car- 




^ Fia^j3.—A^ Devonian Crossopteryglus (Hahttyduus mabituumus), fi 

Fm. 15^— A Jurassic CrotaoV^VJt^atfl/HJiHafenmUota), from the u| 
ZUUL) iTjuauUr plates, i three nb^ acalea. 

Fu. 355.— A UvlnK Crossopteryglus, from the Upper K^fPafytlerut hi 


itself to breathing the atmosphere, and boniferous, and Permian f 
was developed from a branch .T number of different gener: 
Ganoids, takes the name of the DibneusU only three genera of the 
or Dipnoa (“ double-breathers ”), because to-day : Protoptena annecten 
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they approach nearer to the fishes, and ^ 
are inimor to the amphibia. Externally 
they are entirely fish-like. 

In the Dipneusts the head is not 
marked ofT from the trunk. The skin is 
covered with large scales. The skeleton 
is soft, cartilaginous, and at a low stafe I 
of development, as in the lower Selachii 
and the earliest Ganoids. The chorda is 
completely retained, and surrounded iqr 
an uns^pnented sheath. The two pairs 
of limbs are very simple fins of a primitive 


skeleton ; the cartilaginous skeleton of its 
two pairs of fins, for instance, has still 
the original form of a bi-serial or feathered 
leaf, and was on that account described 
bv Gcgcnbaur as a “ primitive fin- 
skeleton.” On the other Imnd, the 
skeleton of the pairs of fins is greatly 
reduced in the African dipneust (Prot- 
optenu ) and the American ( Leptdo- 
stren). Further, the lung^ are double 
in these modem dipneusts, as in all the 
Other air-lx^thing vertebrates ; they 



h I 


Fto. 




m the cgs, magnifiod ten Uma. it sOI-corar, /Brer, 
from the egg. e ipiral fold of gut, i rudimentary 


tj^, like those of the lowest Selachii. 1 
The formation of the brain, the gut, and 
the sexual organs is also the same as in ' 
the Selachii. Thus the Dipneusts have ' 
preserved by heredi^ many^ of the less I 
i^vanced features of our primitive fish- 
like ancestors, and at the same time have 
made a great step forward in adaptation 
to air-breatMng by means of lungs and 
the conelative improvement of the heart. 

Ceratodus is particularly interesting on 
account of the primitive build of its 


have on that account been called “ double- 
lunged ” ( Dtpneumones ) in contrast to 
the Ceratodus ; the latter has only a 
single lung ( Monopneumones ). At the 
same time the gills also are developed as 
water-breathing organs in all these lung- 
fishes, Protopterus has external as well 
as internal gills. 

The paleozoic Dipneusts that are in the 
direct line of our ancestry, and form the 
connecting-bridge between the Ganoids 
and the Amphitaa, diiier in many respects 
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from their living' descendants, but agree 
with them in the above essential features. 
This is confirmed by a number of 
interesting facts that have lately come to 
our knowledge in connection with the 


embtronic development of the Ceratodus 
Md Lepidosiren ; they give us important 
information as to the stem-history of the 
iower Vertebrates, and therefore of our 
early ancestors of the paleozoic age. 


Chapter XXII. 

OUR FIVE-TOED ANCESTORS 


With the phylogenetic study of the four 
higher classes of Vertebrates, which must 
now engage our attention, we reach much 
firmer ground and more light in the con- 
struction of our genealogv than we have, 
perhaps, enjoyed up to the present. In 
the first place, we owe a number of very 
valuable data to the very interesting class 
of Vertebrates that come next to the 
Dipneusts and ha\ c been developed from 
them— the Amphibia. To this group 
belong the salamander, the frog, and the 
toad. In earlier days all the reptiles 
were, on the example of Linn4, classed 
with the Amphibia (lizards, serpents, 
crocodiles, and tortoises). But the 
reptiles are much more advanced than the 
Amphibia, and are nearer to the birds in 
the chief points of their structure. The 
true Amphibia are nearer to the Dipneusta 
and the fishes ; they are also much older 
than the reptiles. There were plenty of 
highly-developed (and sometimes large) 
Amphibia during the Carboniferous 
period ; but the earliest reptiles are only 
found in the Permian period. It is 
probable that the Amphibia were evolved 
even earlier — during the Devonian period 
— from _ the Dipneusta. The extinct 
Amphibia of which we have fossil remains 
from that remote wnod (very numerous 
especially in the Triassic strata) were 
distinguished for a graceful scaly coat or a 
powerful bonyarmour on the skin (like the 
crocodile), whereas the livir^ amphibia 
have usually a smooth and slippery skin. 

The earliest of these armoured 
Amphibia ( Phractamphibta J form the 
order of Stego^phala (“ roof-headed ") 
(Fig. a6o). It is among these, and not 
among the actual Amphibia, that we 
must Took for the forms that are directly 
related to the genealogy of our race, and 
are the ancestors of the three higher 


classes of Vertebrates. But even the 
existing Amphibia have such important 
relations to us in their anatomic structure, 
and especially their embryonic develop- 
ment, that we may say : Between the 
Dipneusts and the Amniotet there was a 
series of extinct intermediate forms 
which we should certainly class with the 
Amphibia if we had them before us. In 
their whole organisation even the actual 
Amphibia seem to be an instructive 
transitional group. In the important 
respects of respiration and circulation 
they approach very closely to the 
Dipneusta, though in other respects they 
are far superior to them. 

This is particularly true of the develop- 
ment of their limbs or extremities. In 
them we find these for the first time as 
five-toed feet. The thorough investiga- 
tions of Gegenbaur have shown that the 
fish’s fins, of which very erroneous 
opinions were formerly held, are many- 
toed feet. The various cartilaginous or 
bony radii that are found in large numbers 
in each fin correspond to the fingers or 
toes of the higher Vertebrates The 
sevenil joints of each fin-radius correspond 
to the various parts of the toe. Even in 
the Dipneusta the fin is of the_ same 
construction as in the fishes it was 
afierwards gradually evolved into the 
five-toed form, which we first encounter 
in the Amphibia. This reduction of the 
number or the toes to six, and then to 
five, probably took place in the second 
half of the Devonian period — at the latest, 
in the subs^uent Carboniferous period — 
in those Dipneusta which we regard as 
the ancestors of the Amphibia. We have 
sevmd fossil remains of five-toed Amphibia 
from this period. There are numbers of 
fossil impressions of them in the Triassit; 
of Thuringia ( ChirotkertumJ. 
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The fact that the toes number five is of is well known that this hereditary number 
g^reat importance, bemuse they have of the toes lias assumed a very great 
clear]}' been transmitted from the practical importance from remote times ; 
Amphibia to all the higher Vertebrates, on it our whole system of enumeration 
Man entirely resembles his amphibian (the decimal system applied to measure- 



Fkj. aSo.— Fossn amnhlbbui ft«in the PermUui, found m the PUuen terrain near T>rc»len rflrw*/®- 
asanu amhhntomuj). (Fran Cndmer ) A akdetoo of a youne larva. B larva, reatorod, with tciua. C the 
adult form, natural aua. 


ancestors in this respect, and indeed in ment of time, mass, weight, etc.) is based, 
the whole structure c* the bony skeleton There is absolutely no reason why there 
of his five-toed extremities. A careful should be five toes in the fore and hind 
comparison of the skeleton of the frog feet in the lowest Amphibia, the reptiles, 
with our own is enough to show this. It and the higher Vertebrates, unless we 
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ascribe it to inheritance from a common 
stem-form. Heredity alone can explain 
it. It is true that we find less than five 
toes in many of the Anmhibia and of the 
higher Vertebrates. But in all these 
cases we can prove that some of the toes 
atrophied, and were in time lost altogether. 

The causes of this evolution of the five- 
toed foot from the many-toed fin in the 
amphibian ancestor must be sought in 
adaptation to the entire change of function 
that the limbs experienced in passing 
from an exclusively aquatic to a partly 
terrestrial life. The many-toed fin had 
been used almost solelv for motion in the 
water ; it had now also to support the 
body in creeping on the solid ground. 
This led to a modification both of the 
skeleton and the muscles of the limbs. 
The number of the fin-radii was {gradually 
reduced, and sank finally to five. But 
these five remaining radii became much 
stronger The soft cartilaginous radii 
became bony rods The rest of the 
skeleton was similarly strengthened. 
Titus from the one-armed lever of the 
many-toed fish-fin arose the improved 
many-armed lever system of the five-toed , 
amphibian limbs. The movements of I 
the body gained in variety as well as in 
strength. The vanous parts of the 
skeletal system and correlated muscular 
system began to differentiate more and 
more In view of the close correlation of 
the muscular and nervous systems, this 
also made great advance in structure and 
function. Hence we find, as a matter of 
fact, that the brain is much more 
developed in the higher Amphibia than m 
the fishes, the Dipneusta, and the lower 
Amphibia. 

Tlie first advance in organisation that 
was occasioned by the adoption of life on 
land was naturally the construction of an 
organ for breathing air — a lung. This 
was formed directly from the floating- 
bladder inherited from the fishes. _ At first 
its function was insignific.'int beside that 
of the gills, the older organ for water- 
respiration. Hence we find in the lowest 
Amphibia, the gilled Amphibia, that, like 
the Dipneusta, they pass the greater part 
of their life in the water, and breathe 
water through gills. They only come to 
the surface at brief intervals, or creep on 
to the land, and then breathe air by thear 
lunges. But some of the tailed Amphibia 
— the salamanders — remain entirely in 
the water when they are young, and 
afterwards spend most of their tunc on 


land. In the adult state they only breathe 
air through lungs. The same applies to 
the most advanced of the Amphibia, the 
Batrachia (frogs and toads) ; some of 
them have entirely lost the gpll-bearing 
larva form.’ This is also the case with 
certain small, se^ntine Amphibia, the 
Cacilta (which live in the g^und like 
earth-worms). 

The great interest of the natural histo^ 
of the Amphibia consists especially in 
their intermediate position between the 
lower and higher Vertebrates. The lower 
Amphibia approach very closely to the 



Fro aSi —Larva of ihe Spotted Salamander 

(Salamandra maculata). Been from the ventral side 
' ■■«rCTtren>elh.« * r . .e. 


Dipneusta in their whole organisation, 
live mainly in the water, and breathe by 
gills ; but the higher Amphibia are just 
as close to the Amniotes, live mainly on 
land, and breathe by lungs. But in their 
jrounger state the latter resemble the 
former, and only reach the higher stage 
by a complete metamorphosis. The 
embryonic development of most of the 


X The tree-frog of Martini 


Jl life. On the ni 
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higher Amphibia still faithfully reproduces 
the stei^history of the whole class, and 
the various stages of the advance that 
was made by the lower Vertebrates in 
passing from ac^uatic to terrestrial life 
during the Devonian or the Carboniferous 
period are repeated in the spring by every 
frog that developes from an egg in our 
ponds. 

The common frog leaves the egg in the 
shape of a larva, like the tailed salamander 
(Fig. a6i), and this is altc^ther different 



from the mature frog (Fig. 362). The 
short trunk ends in a long tail, with the 
form and structure of a fish’s tail (sj. 
"^ere are no limbs at first. The respira- 
tion is exclusively branchial, first through 
external ClkJ and then internal gills. In 
harmony with this the heart has the same 
structure as in the fish, and consists of 
two sections— an atrium that receives the 
venous blood from the body, and a ventricle 
that forces it through the arteries into the 
gills. 


Wo find the larvae of the frog (or tad- 
poles, (fynnt) in great numbers in our 
ponds ev^ spring in this fish-form, 
using their musculv tails in swimmii^, 
just like the fishes and young Ascidia. 
When they have reached a certain size, 
the remarlmble metamorphosis from the 
fish-form to the frog begins. A blind sac 
grows out of the gullet, and expands into 
a couple of spacious sacs : these are the 
lungs. Tlie simple chamber of the heart 
is divided into two sections by the 
development of a partition, and there are 
at the same time considerable changes in 
the structure of the chief arteries. 
Previously all the blood went from the 
auricle through the aortic arches into the 
gills, but now only part of it goes to the 
gills, the other part passing to the lungs 
through the new-form^ pulmonary 
artery. From this point arterial blood 
returns to the left auricle of the heart, 
while the venous blood gathers in the 
right auricle. As both auricles open into 
a single ventricle, this contains mixed 
blood. The dipneust form has now 
succeeded to the fish-form. In the 
further course of the metamorphosis the 
gills and the branchial vessels entirely 
disappear, and the respiration becomes 
exclusively pulmonary. Later, the long 
swimming tail is lost, and the frog now 
hops to the land with the legs that have 
grown meantime. 

This remarkable metamorphosis of the 
Amphibia is very instructive in connection 
with our human genealogy, and is particu- 
larly interesting from the fact that the 
various groups of actual Amphibia have 
remained at uiflerent stages of their stem- 
histoiy', in harmony with the biogenetic 
law. We have first of all a very low 
order of Amphibia — the Sosobranchia 
(“ gilled-amphibia ”), which retain their 
gills Ihrougnout life, like the fishes. In a 
second order of the salamanders the gills 
are lost in the metamorphosis, and when 
fully grown they have only pulmonary 
respiration. Some of the tailed Amphibia 
still retain the gill-clefts in the side of the 
neck, though they have lost the gills 
themselves ( Ment^toma ). If we force the 
larvce of our salamanders (Fig. a6i) anu 
tritons to remain in the water, and 
prevent them from reaching the land, we 
can in favourable circumstances make 
them retain their ^lls. In this fish-like 
condition they rea^ sexual maturity, and 
remain throughout life at the lower stage 
of the gilled Amphibia. 
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We have the reverse of this experiment 
in a Mexican ^lled salamander, the fish- 
like axolotl (Siredon puctformts). It 
was formerly regarded as a permanent 
eilled amphibian persisting throughout 
Hfe at the fish-stage. But some of the 
hundreds of these animals that are kept 
in the Botanical Garden at Paris got on 
to the land for some reason or other, lost 
their gills, and changed into a form 
closely resembling the salamander C Am- 
bfyitoma). Other species of the genus 
became sexu^ly mature for the first time 
in this condition This has been regarded 
as an astounding phenomenon, although 
every common irog and salamantfer 
repeats the metamorphosis in the spring. 
The whole change from the aquatic and 
gill-breathing animal to the terrestrial 
lung-breathing form may be followed 
step by step in this case. But what we 
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Their ancestors also had long tails and 
gills like the gilled Amphibia, as the tail 
and the gill-arches of the human embryo 
clearly show. 

For comparative anatomical and onto- 
genetic reasons, we must not seek these 
amphibian ancestors of ours — as one 
would be inclined to do, perhaps — among 
the tail-less Batrachia, but among the 
tailed lower Amphibia. 

The vertebrate form that comes next to 
the Amphibia in the series of our ancestors 
is a lizard-like animal, the earlier exis- 
tence of which can be confidently deduced 
from the facts of comparative anatomy 
and ontogeny. The living HaUena 
of New Z^and (Fig afid) and the ex- 
tinct RkyncocepJtala of the Permian period 
(Fig. 265) are closely related to this im- 
portant stem-form ; we may call them 
the Protamnvites, or Primitive Amniotes. 



a6^—Fos^ mi^edNraphlbian, from the Bohoaian Carbofijien)iiif5«<o«>> (From At/kA.) Tha 


see here in the development of the Indi- 
vidual has happened to the -nholc class 
in the course of its stem-history. 

The metamorphosis poes farther in a 
third order of Amphibia, the Batmchta 
or Anura, than in the s^amander. To 
this belong the various kinds of toads, 
ring^ snakes, water-frogs, tree-frogfs, 
etc. These lose, not only the gills, but 
also (sooner or later) the tail, during 
metamorphosis 

The ontogenetic loss of the gills and 
the tail in the frog and toad can only be 
explained on the assumption that they 
are descended from long-tailed Amphibia 
of the salamander type. This is also 
clear from the comparative anatomy of 
the two groups. This remarkable meta- 
morphosis is, however, also interesting 
because it throws a certain light on the 
phylogeny of the tail-less apes and man. 


All the Vertebrates above the Amphibia 
— or the three classes of reptiles, birds, 
and mammals — differ so much in their 
whole organisation from all the lower 
Vertebrates we have yet considered, and 
have so great a resemblance to each 
other, that we put them all together in a 
single group with the title of Ammotes. 
In these three classes alone we find the 
remarkable cmbiyonic membrane, already 
mentioned, which we called the amnion ,• 
a cenog^enetic adaptation that we may 
regard as a result of the sinking of the 
growing embry’o into the yelk-sac. 

All the Amniotes known to us — all 
reptiles, birds, and mammals (including 
man)— agree in so many important points 
of internal structure and development 
that their descent from a common ances- 
tor can be ailirmed with tolerable cer- 
tainty. If the evidence of comparative 
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anatomy and ontogeny is e\’er entirely 
beyond suspicion, it is certainly the case 
here. All the peculiarities that accom- 
pany^ and follow the formation of the 
amnion, and that we have learned in our 
consideration of human embryology ; all 
the peculiarities in the development of 
the organs which we will presently follow 
in detail ; finally, all the ^incipaf special 
features of the internal structure of the 
full-grown Amniotes — prove so clearly the 
common origin of all the Amniotes from 
a single extinct stem-form that it is diffi- 
cult to entertain the idea of their evolu- 
tion from several independent stems. 
This unknown common stem-form is our 
Primitive Amniote ( Protamnion ). In 
outward appearance it was probablj some- 
thing between the salamander and the 
lizard. 

It is very probable that some part of 
the Permian period was the age of the 
origin of the Protamniotes. This follows 
from the fact that the .\mphibia are not 
full^ developed until the Carboniferous I 
period, and that the first fossil reptiles | 
{Palahatteria, Hom<rosautus, Protero- 
saurus ) are found towards the close of 
the Permian period. Among the im- 
portant changes of the v ertebrate organi- 
sation that marked the rise of the first 
Amniotes from salamandnne Amphibia 
during this period the following three are 
especially noteworthy, the entire disap- 
pearance of the water-breathing gills and 
the conversion of the gill-arches into other 
organs, the formation of the allantois or 
primitive urinary sac, and the develop- 
ment of the amnion. 

One of the most salient characteristics 
of the Amniotes is the complete loss of the 
gills All Amniotes, even if living in water 
^uch as sea-serpents and whales), breathe 
air through lungs, never water through 
gills All the Amphibia (with very rare 
exceptions) retain their gills for some 
time when young, and have for a time (if 
not permanently) branchial respiration ; 
but after these there is no question of 
branchial respiration. The Protamniote 
itself rnust have entirely abandoned water- 
breathing. Nevertheless, the gill-arches 
are preserved by heredity, and develop 
into totally different (in part rudimentary) 
organs — various parts of the bone of the 
tongue, the frame of the jaws, the organ 
of hearing, etc. But we do not find in 
the embryos of the Amniotes any trace 
of gill-leaves, or of real respiratory organs 
on the gill-arches. 


With this complete abandonment of the 
gills is probably connected the formation 
of another organ, to which we have 
already referred in embiyology — namely, 
the allantois or primitive urinary sac 
(cf. p. 166). It is very probable that the 
urinary bladder of the Dipneusts is the 
first structure of the allantois. We find 
in these a urinary bladder that proceeds 
from the lower wall of the hind end of the 
gut, and serves as receptacle for the 
renal secretions. This organ has been 
transmitted to the Amphibia, as we can 
see in the frog. 

The formation of the amnion and the 
allantois and the complete disappearance 
of the gills arc the chief characteristics 
that distinguish the Amniotes from the 
lower V'ertebrates we have hitherto con- 
sidered. To these we m.iy add several 
subordinate features that are transmitted 
to all the Amniotes, and arc found m 
these onl>. One striking embryonic 
character of the Amniotes is the great 
curv'c of the head and neck in theembrjo 
We also find an advance in the structure 
of several of the internal organs of the 
Amniotes which raises them above the 
highest of the anamni.i. In particular, 
a partition is formed in the simple 
ventricle of the heart, dividing into right 
and left chambers. In connection wth 
the complete metamorphosis of the gill- 
arches we find a further development of 
the ttuscullory organs Also, there is a 
great advance m the structure of the 
brain, skeleton, muscular system, and 
other parts Finally, one of the most 
import.int changes Is the rc>construction 
of the kidneys. In all the earlier Verte- 
brates we have found the primitive 
kidneys as excretory organs, .ind these 
appear .at an early st.igc in the embryos 
of all the higher Vertebrates up to man. 
But in the Amniotes these primitive 
kidneys cc<isc to act at tin early stage of 
embiyonic life, and their function is taken 
up by the permanent or secondary kidneys, 
which develop from the terminal section 
of the prorenal ducts. 

Taking all these peculiarities of the 
Amniotes together, it is impossible to 
doubt that all the animals of this group- 
all reptiles, birds, and mammals — have a 
common origin, and form a single blood- 
related stem. Our own race telongs to 
this stem. Man is, in every feature of 
his organisation and embryonic develop- 
ment, a true Amniote, and has descended 
from the Protamniote with all the other 
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Amniotes.^ Though they appeared at the 
end (possibly even in the middle) of the 
Paleozoic age, the Amniotes only reached 
their full development during the Mesozoic 
age. The birds and mammals made 
their first appearance during this period. 
Even the reptiles show their greatest 
gfrowth at this time, so that it is called 
“ the reptile age.” The extinct Protam- 
niote, the ancestor of the whole group. 




and only comes in ixntact with the 
Mammals at its root, is the combined 
group of the reptiles and birds ; these two 
classes may, with Huxley, be conveniently 
Rouped together as the Sauroptida. 
Their common stem-form b an extinct 
lizard-like reptile of the 'order of the 
Rhyncocepharia. From this have b^n 
developed in \arious directions the ser- 
pents, crocodiles, tortoises, etc. — in a 
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hand, the mammal line has descended 
fitMn the group of the Sauromammalia, 
a different branch of the Proreptilia, It 
is connected at its deepest roots with the 
reptile line, but it then diverges com- 
pletely from it and follows a distinctive 
development. Man is the highest out- 
come of this class, the “ crown of crea- 
tion.” The hypothesis that the three 
higher Vertebrate classes represent a 
single Amniote-stem, and that the 
common root of this stem is to be found 
in the amphibian class, is now generally 
admitted 

The instructive group of the Permian 
Tocosauria, the common root from which 
the divergent stems of the Sauropsids 
and mammals have issued, merits our 
particular attention as the stem-group of 
all the Arnniotes. Fortunately a living 
representative of this extinct ancestral 


365), of which well-^served skeletona 
are found in the ‘Solenhofen schists, is 
perhaps still more closely related to them. 

Untbrtunately, the numerous fossil 
remains of Permian and Triassic Toco- 
sauria that we have found in the last two 
decades are, for the most part, very im- 
perfectly preserved. Ve^ often we can 
make only precarious inferences from 
these skeletal fragments as to the ana- 
tomic characters of the soft parts that 
went with the bony skeleton of the extinct 
Tocosauria. Hence it has not yet been 
piwsible to arrange these important fossils 
with any confidence in the ancestral scries 
that descend from the Protamniotes to 
the Sauropsids on the one side and the 
Mammals on the other. Opinions arc 
particularly divided as to the place in 
classification and the phylogenetic signi- 
ficance of the remarkable Theromorpha 
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group has been preserved to our day; 
this is the remarkable lizard of New 
Zealand, Hattena punctata (Fig. 364). 
Externally it differs little from the ordinary 
lizard ; but in many important points of 
internal structure, especially in the primi- 
tive construction of the vertebral column, 
the skull, and the limbs, it occupies a 
much lower position, and improaches its 
amphibian ancestors, the Stegocephala. 
Hence Hatteria is the phylogenetically 
oldest of all living reptiles, an isolated 
survivor from the Permian period, closely 
resembling the common ancestor of the 
Arnniotes. It must differ so little from 
this extinct form, our hypothetical Prot- 
amniote, that we put it next to the 
Proreptilia. The remarkable Permian 
Palcrnatteria, that Credner discovered in 
the Plauen terrain at Dresden in 1888, 
belongs to the same group (Fig. 266). 
The Jurassic genus Homceosautus (Fig. j 


Cope gives this name to a very interesting 
and extensive group of extinct terrestrial 
reptiles, of which we ha\e only fossil 
remains from the Permian and Tnassic 
strata. Forty years ago some of these 
Theiosauria (fresh-water animals) were 
described by Owen as A nomodontta But 
during the last twenty years the distin- 
guished American paleontologists. Cope 
and Osborn, have greatly increased our 
knowledge of them, and have claimed 
that the stem-forms of the Mammals 
must be sought in this order. As a 
matter of fact, the Theromorpha are 
nearer to the Mammals in the chief points 
of structure than any other reptiles. This 
is especially true of the Thereodontia, to 
which the Pureosaurta and Pelycosaurta 
belong (Fig. 267) The whole structure 
of their pelvis and hind-feet has attained 
the same form as in the Monotremes, the 
lowest Mammals. Tlie formation of the 
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scapula and the quadrate bone shows an have already seen, this root-form deve- 
approach to the Mammals such as we loped from the primitive Prorept^e stem 
find in no other group of reptiles. The in a totally difierent direction from the 
teeth also are already divided into incisors, birds, and soon separated from the main 
canines, and molars. Nevertheless, it is stem of the reptiles. The differences 
very doubtful whether the Theromorpha between the Mammals and the reptiles 
really are in the ancestral line of the and birds are so impiortant and character- 
Sauromamtnals, or lead direct from tl^e istic that we can assume with complete 
Tocosauria to the earliest Mammals, confidence this division of the vertebrate 
Other experts on this ^oup believe that stem at the commencement of the develop, 
it is an independent legion of the reptiles, ment of the Amniotes. The reptiles 
connected, perhaps, at its lowest root, and birds, which we group together as 
with the Sauromammals, but developed the Sauropsids, generally agree in the 
Quite independently of the Mammals — characteristic structure of the skull and 
though parallel to them in many ways. brain, and this is notably different from 
One of the most important of the that of the Mammals In most of the 
zoological facts that we rely on in our reptiles and birds the skull is connected 
investigation of the genealogy of the with the first cervical vertebra (the ailas) 
human race is the position of man 
in the Mammal class. However 
different the views of zoologists 
may have been as to this position 
in detail, and as to his relations 
to the apes, no scientist has ever 
doubted that man is a true mam- 
mal in his whole organisation and 
development. Linnd drew atten- 
tion to this fact in the first edition 
of his famous Syttema Natuns 
(1735) As will be seen in any 
museum of anatom} or any 
manual of comparative anatomy, 
the human frame has all the 
characteristics that are common 
to the Mammals and distinguish 
them conspicuously from all other 
animals. 

faif oT’lTew* (PuU.kaHrru. 
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stem with all the other Mammals, and by a single, and in the Mammals (and 
comes from the same root as they. But Amphibia) by a double, condyle at the 
thevarious features in which the Mammals back of the head. In the former the 
agree and by which they are distinguished lower jaw is composed of several pieces, 
are of such a character as to make a and connected with the skull so that it 
polyphvletic hypothesis quite inadmis- can move by a special maxillaiy bone 
sibfe, it is impossible to entertain the idea (the guadmtum) ; in the Mammals the 
that all the living and extinct Mammals lower jaw consists of one fiair of bony 
come from a number of separate roots, pieces, which articulate directly with the 
If we accept the general theory of e\olu- temporal bone. Further, in the Sauropsids 
tion, we are bound to admit the mono- the skin is clothed with scales or feathers ; 
phyletic hypothesis of the descent of all in the Mammals with hair. The red 
the Mammals (including man) from a blood-cells of the former have a nucleus ; 
single mammalian stem-form We may those of the latter have not. In fine, two 
call this long extinct root-form and its quite characteristic features of the Mam- 
earliest descendants (a few genera of one mals, which distinguish them not only 
family) “ primitive mammals " or “ stem- from the birds and reptiles, but from all 
mammals” (Promamntalia). As we other animals, are the possession of a 
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complete diaphra^fm and of mammary and the brain ; (3) the development of a 
glands Jhat produce the milk for the hairy coat ; (3) the complete formation of 
nutrition of the young. It is only in the the diaphragm ; and (4) the construction 
Mammals that the diapltragm forms a of the mammary glands and adaptation 


mammals that the mother s 


young, and this rightly gives the name advances « 


The epoch at which these i 


absolutely that the whole of th 
belong to a single natural s 
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to the whole class (mamma = breast). of the Mammal class was laid, may be 
From these pregnant factri of compara- put with great probability in the first 
tive anatom} and ontogeny it follows section of the Mesozoic or second.tr)' age 
absolutely that the whole of the Mammals — the Tnassic period. The oldest fossil 
belong to a single natural stem, which remains of mammals that we know were 
found in strata that belong to the 
1 earliest Tnassic period — the upper 

- ■ I* ' I ■ Keuper. One of the earliest forms 

the genus Dromathenum, from 
— "iv NorthAmericanTriassic(Fig 

268). Their teeth still strikingly 
recall those of the Pehcosauria. 
Hence we may assume that this 
^ small and probably insecti\orous 

b d mammal belonged to the stem- 

^ EWK group of the I’lomammals. We 

uK Jf ^ ?iust advanced 

division ^of tl^^ Mamm.ils— the 

Ch A indisputable fossil 

regains of thrill until the^Ceno- 

7t inomses with the evolutionary 

®“ ^ ^Tlie l.iticr science teaches us 

Fio »67-SkulIoraTrtaislotheroinorphuiiirCa/«<».r», that the whole M.immal class 

plantceptjtirom the Karoo formation in South Africa. (From divider into tllfCC niilin l^roups 

Owm) a from the nirht, ^ from below, c from abo>c,«(tncu»pid . ..u ...k. .u 

tooth N nontnU. Ra naiud bone. Mx upper jaw. Prf Of Sub-cl.lSSes, wllich torrcspoild 

frontal. /-V frontal bone, A cye-pita. S’ tempi^tfi. Pa Parietal tO three successive phj lof^enetlC 

eye, BoyamX at back of head. Pt pterj goaMionc. Af<f lower jaw stages. These threestages, which 

also represent three important 
branched off at an early date from the stages in our hum.in genealogv, were 
reptile-root. It follows further with the , first distinguished in i8ib hy the eminent 
same absolute certainty that the human ' French zoologist, Hlamville, and received 
race is also a branch of this stem. Man I the names of OmilhodNphta, Didel- 
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1 them from all other animals I (delpkys — uterus 


Finally, from these facts we deduce with afterwards gave them the names of 
the same confidence those advances in the Protothena, Aletatheria, and K^thena. 
vertebrate organisation by which one But the three .sub-cla.sses differ so 
branch of the Sauromammals was con- widely from each other, not only in the 
verted into the stem-form of the Mammals, construction of the sexual organs, but 
Of these advances the chief were : (i) The in many other respects also, that we 
characteristic mixlification of the skull may confidently draw up Uie following 
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important phylogenetic thesis : The Mono- 
delphia or Placentals descend from the 
Diaelphia or Marsupials ; and the latter, 
in turn, arc descended from the Mono- 
tremes or Ornilhodelphia, 

Thus we must regard as the twenty- 
first stage in our genealogical tree the 
earliest and lowest chief group of the 
Mammals— the sub-class of the Mono- 
tremes(“ cloaca-animals, ” Ornithodelj^ia, 
or Protothcria, Figs 269 and 270). They 
take their name from the cloaca which 
they share with all the lower Vertebrates 
This cloaca is the common outlet for the 
passage of the excrements, the urine, 
and the sexual products. The urinary 
ducts and sexual canals open into the 
hindmost part of the gut, while in all the 
other M.immals lliey are separated from 
the rectum and .inus The latter have a 
speci.il uro-genital outlet ( pants urogenv- 
tahs J The bladder also opens into the 
cloaca in the Monotremes, and, indeed, 
apart from the two urinary ducts ; in all 
the other M.immals the latter open directly 
into the bl.idder It was proved by 
Haackc and Caldwell in 1884 that the 
Monotremes lay large eggs like the 
reptiles, while all the other Mammals 
are viviparous In 1894 Richard Semon 
further proved that these large eggs, 
rich in fixid-yclk, have a partial segmen- 
tation <ind discoid gastrulation, as 1 had 
hypothetically assumed in 1879 , here 
ag.iin they resemble their reptilian 
ancestors. The construction of the 
mammary gland is ,ilso pcHruliar in the 
Monotremes. In them the glands have 
no teats for the joung .inimal to suck, 
but there is a special part of the breast 
pierced with holes like a sieve, from 
which the milk issues, and the young 
Monotreme must lick it off. Further, 
the brain of the Monotremes is very little 
advanced. It is feebler th.in that of any 
of the other Mammals. The fore-brain 
or cerebrum, in particular, is so small 
that it does not cover the cerebellum. In 
the skeleton (Fig. 270) the formation of 
the scapula among other parts is curious; 
it is quite different from that of the other 
Mammals, and rather agrees w'ith that 
of the reptiles and Amphibia. Like these, 
the Monotremes have a strongly deve- 
loped caracotdeum. From these and 
otner less prominent characteristics it 
follows absolutely that the Monotremes 
occupy the lowest place amon^ the 
Mammals, and represent a transitional 
group between the Tocosauria and the 


lest of the Mammals. All these rematk:- 
able reptilian characters must have been 
possess^ by the stem-form of the whole 
mammal class, the Promammal of the 
Triassic period, and have been inherited 
from the Proreptiles. 

During the Tnassic and Jurassic 
periods the sub-class of the Monotremes 
was represented by a number of different 
stem-mammals. Numerous fossil remains 
of them have lately been discovered in the 
Mesozoic strata of Europe, Africa, and 
America. To-day there are only two 
surviving specimens of the group, which 
we place together in the family of the 
duck-bills, Omithostoma They are con- 
fined to Australia and the neighbouring 
island of Van Diemen’s Land (or 
Tasmania) ; they become scarcer evenr 
>ear, and will soon, like their blood- 
relatives, be counted among the extinct 
animals. One form lives in the rivers. 



and builds subterraneous dwellings on 
the banks ; this is the Omtthorhyncus 
paradoxus, with webbed feet, a thick soft 
fur, and broad flat jaws, which look very 
much like the bill of a duck (Figs 269, 
270) The other form, the land duck- 
bill, or spiny ant-eater ( Echidna 
hystiix), is very much like the ant- 
eaters in its habits and the peculiar 
construction of its thin snout and 
very long tongue ; it is covered with 
ne^Ies, and can roll itself up like a 
hedgehog. A cognate form ( Parechtdna 
Bruynx ) has lately been found in New 
Guinea. 

These modem Omithostoma are the 
scattered survivors of the vast Mesozoic 
group of Monotremes ; hen<% they have 
the same interest in connection with the 
stem history of the Mammals as the living 
stem-reptiles (Hatteria) for that of the 
reptiles, and the isolate Acrania (Am- 
phwxus ) for the phylogeny of the Verte- 
brate stem. 

The Australian duck-bills are distin- 
guished externally by a toothless bird- 
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are also peculiar to the Marsupials, such 
as the construction of the male and 
female sexual orf^ans and the form of the 
lower jaw. Tlie Marsupials are distin- 
({uished by a peculiar hook-like bony 
process that bends from the comer of the 
lower jaw and points inwards. As most 
of the PlacentaJs have not this process, 
we can, with some probability, recognise 
the Marsupial from this feature alone. 
Most of the mamma] remains that we 
have from the Jurassic and Cretaceous 
deposits are merely lower jaws, and 
most of the jaws found in the Jurassic 
deposits at Stonesheld and Purbeck 
have the peculiar hook-like process 
that characterises the lower jaw of the 
Marsupial. On the strengfth of this 
paleontological fact, we may suppose 
that they belong^ to Marsupials. 
Placentals do not seem to have existed 
at the middle of the Mesozoic age — not 
until towards its close (in the Cretaceous 
period). At all events, we have no fossil 
remains of indubitable Placentals from 
that period. 

The existing Marsupials, of which the 
plant-eating lun^aroo and the carnivo- 
rous opossum (Fig. 273) are the best 
known, differ a good deal in structure, 
shape, and size, and correspond m many 
respects tothe various orders of Placentals. 
Most of them live in Australia, and a 
small part of the Australian and East 
Malayan islands There is now not a 
single living Marsupial on the mainland 
of Europe, Asia, or Africa It was very 
different during the Mesozoic and even 
during the Cenozoic age. The sedimen- 
tary deposits of these periods contain a 
great number and variety of marsupial 
remains, sometimes of a colossal size, in 
various parts of the earth, and even in 
Europe. We may infer from this that 
the existing Marsupials are the remnant 
of an extensive earlier group that was 
distributed all over the earth. It had to 
give way in the struggle for life to the 
more powerful Placentals during the 
Tertiary period. The survivors of the 
group were able to keep aliv e in Australia 
and South America because the one was 
completely separated from the other parts 
of the earth during the whole of the 
Tertiarj' period, and the other during the 
greater port of it 

From the comparative anatomy and 
ontogeny of the existing Marsupials we 
may draw very interesting concluaons 
as to their intermediate position between 


as* 


the earlier Monotremes and the later 
Placentals. The defective development 
of the brain (espedally the cerebrum), 
the possession of marsupial bones, and 
the simple construction of the allantois 
(without any placenta as yet) were 
inherited by the Marsupials, with many 
other features, from me Monotremes, 
and preserved. On the other hand, thejr 
have lost the independent bone ( caracou 
devm) at the snoulder-blade. But we 
have a more important advance in the 
disappearance of me cloaca ; the rectum 
and anus are separated by a partition 
from the uro-genital opening ( stnus 
urogenttalis). Moreover, all the Marsu- 
pials have teats on the mamniary glands, 
at which me new-born animal sucks. 
The teats pass into me cavity of a pouch 
or pocket on_ the ventral side of the 
motiier, and this is supported by a couple 
of marsupial bones. Ttie young are bom 
in a very imperfect condition, and carried 



by the mother for some time longer in 
her pouch, until they are fully developed 
(Fig. 272) In the giant kangaroo, which 
IS as tall as a man, the embryo only 
developes for a month in the uterus, is 
then bom in a very imperfect state, and 
finishes its growth in the mother’s pouch 
( marsuptum J ; it remains in this about 
nine months, and at first hangs con- 
tinually on to me teat of the mammary 
gland. 

From these and other characteristics 
(especially the peculiar construction of 
the internal ami external sexual organs 
in male and female) it is clear that we 
must conceive the whole sub-class of the 
Marsupials as one stem group, which 
has bron developed from the Promam- 
malia. From one branch of these 
Marsupials (possibly from more than one) 
the stem-forms of the higher Mammals, 
the Placentals, were afterwards evolved. 
Of the existing forms of me Marsupials, 
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which have underrone various modifica- 
tions through a£iptaiion to different 
environments, tlie family of the opossums 
(Dtdelpkida or Redimana) seems to he 
the oldest and nearest to the common 
stem-form of the whole class. To this 
family belong the crab-eating opossum 
of Brazil (Fig. 272) and the opoi^uin of 


Lemurs, were evolved directly from the 
opossum. We must not forget, however, 
that the conversion of the five-toed ft»t 
into a prehensile hand is polyphyletic. 
By the same adaptation to climbing trees 
the habit of grasping their branches with 
the feet has in many different cases 
brought about that opposition of the 



Virginia, on the embrj'ology of which 
Selenka has given us a valuable work 
(cf. Fi^ 63-7 and 131-5). These 
Didelphida climb trees like the apes, 
grasping^^ the branches with their hand- 
shap^ hind feet. We may conclude from 
this tliat the stem-forms of the Primates, 
vbich we must regard as the earliest I 


thumb or great toe to the other toes 
which makes the hand prehensile. We 
see this m the climbing liz.irds (chame- 
leon), the birds, and the tree-dwelling 
mammals of various orders. 

Some zoolc^ists have lately advanced 
the opposite opinion, that the Marsupials 
represent a completely independent sub- 
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class of the Mammals, with no direct formation of the marsupium). It is then 
relation to the Placcntals, and developing clear that the Marsupials — viviparous 
independently of them from the Mono- Mammals without placenta — are a neces- 
tremes. But this opinion is untenable if sary transition from the ovjparous Mono- 
we examine carefully the whole org^anisa- tremes to the higher Placentals with 
t ion of the three sub-classes, and do not chorion-villi. In this sense the Marsupial 
lay the chief stress on incidental features class certainly contains some of man’s 
and secondary adaptations (such as the ancestors. 


Chapter XXIII. 
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The long scries of animal forms which ] Placentas ; it is verj' rudimentary in the 
we must regard .is the aiKesturs of our I Marsupials and Monotremes. It is true 
race has been confined within narrower i that the lowest Placentals are not far 
and n.irrower circles as our ph>logcnetic | remoyed from the Marsupials m cerebral 
inquiry has progressed. The great \ development , but within the placental 
majoiit} ol known animal.s do not fall in group we can trace an unbroken grada- 
thc line of ourancestrj, and even w'lthin | tion of progressive development of the 
the vertebrate stem only a small number | brain, rising gradually from this lowest 
are found to do so. In the must advanced stage up to the elaborate psychic organ 
cl.Lss of the stem, the manim.ils, there of the apes and man. The human soul — 
are only a few families that belong ' a physiological function of the brain — is 
directly to our genealogical tree. The in reality only a more advanced ape-soul, 
most important of these are the apes and The mammary glands of the Placentals 
their predecessors, the half-apes, and the are provided with teats like those of the 
earliest Placentals | Marsupials, but we never find in the 

The Placentals (also called Chonata, Pkicentals the pouch in which the latter 
Afunodelfhta, Euthina or Kptthena) are | carry and suckle their young. Nor have 
distinguished from the lower mammals ' they the marsupi.il bones in the ventral 
we have just considered, the Monotremes , wall at the anterior border of the pelvis, 
.ind M.irsupi.ils, by a number of striking I which the Marsupials have in common 
peculi.irities Man h.is all these distinc- with the Monotremes, and which are 
live fe.itures , that is a very significant j formed by a partial ossification of the 
fact We may, on the ground of the ! sinews ol the inner oblique abdominal 
most Cctreful comparative - anatomical ' muscle. There are merely a few insignifi- 
and ontogenetic research, formulate the cant remnants of them in some ot the 
thesis “ Man is m every respect a true Carnivora. The Placentals are also 
Placental. ” He has all the characteristics generally w ithout the hook-shaped process 
of structure and development that distin- at the angle of the lower jaw which is 
guish the Placentals from the two lower found in the Marsupials, 
divisionsof thcmammals, and, infact, from However, the feature that characterises 

all other animals. Among these charac- the Placentals above all others, and that 
teristics we must especially notice the has given its name to the whole sub- 
more .advanced development of the brain, class, is the formation of the placenta. 
'1 he fore-brain or cerebrum especially is We have already considered the formation 
much more developed in them than in and significance of this remarkable 
the lower animals. The corpus callosum, embryonic organ when we traced the 
which forms a sort of w'ide bridge con- develojiment of the chorion and the 
necting the two hemispheres of the allantois in the human embryo (pp. 165-0). 
cerebrum, is only fully formed in the The urinary sac or the allantois, the 
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curious vesicle that erows out of the 
hind part of the gut, has essentially the 
same structure and function in the human 
embryo as in that of all the other Am- 
niotes (cf. Figs. 194-6). There is a quite 
secondary difference, on which great 
stress has wrongly been laid, in the fact 
that in man and the higher apes the 
original cavity of the allantois quickly 
degenerates, and the rudiment of it sticks 
out as a solid projection from the primitive 
gut. The thin wall of the allantois 
consists of the same two layers or 
membranes as the wall of the gut— the 
gut-gland layer within and the gut-fibre 



Flo. 17X— FoBtal membranes of the human 
Wnbryo (diagrammatic), m tbe thick muncular wallof 

p met ■■!■}. cA/tufted, ckl Mnooth dionon. a amiuon, 
ok ammotic ca,vit> . as ammotic sheath of the urobibcal 
cord (which oums under into the navd of the embryo 


layer without. In the gut-fibre layer of 
the allantois there are large blood-vessels, 
which serve for the nutrition, and 
especially the respiration, of the embrj-o 
— the umbilical vessels (p. 170). In the 
reptiles and birds the allantois enlarges 
into a spacious sac, which encloses the 
embryo with the amnion, and does not 
combine with the outer foetal membrane 
(tbe chorion). This is the case also with 
the lowest mammals, the otiparous 
Mmotremes and most of the Marsupi^s. 
It is only in some of the later Marsupials 
C Peramelida ) and all the Placentals that 
tbe allantois developes into the distinctive 


and remarkable structure that we call the 
placenta. 

The placenta is formed by the branches 
of the blood-vessels in the wall of the 
allantois growing into the hollow 
ectodermic^ tufts ^’illi) of the chorion, 
which run into corresponding depressions 
in the mucous membrane of the womb. 
The latter also is richly permeated with 
blood-vessels which bring the mother’s 
blood to the embryo. As the partition in 
the villi between the maternal blood- 
vessels and those of the foetus is extremely 
thin, there is a direct exchanj^e of fluid 
between the two, and this is of the 
greatest importance in the nutrition of 
the young mammal. It is true that the 
maternal vessels do not entirely pass into 
tlie fcetal vessels, so that the two kinds of 
blood are simply mixed. But the partition 
between them is so thin that the nutritive 
fluid easily transudes through it. By 
means of this transudation or diosniosis 
theexcliange of fluids takes place without 
difficulty. TTie larger the embryo is in 
the placentals, and the longer it remains 
in the womb, the more necessary it is to 
have special structures to meet its great 
consumption of food. 

In this respect there is a very con- 
spicuous difference between the lower and 
higher mammals. In the Marsupials, in 
which the embryo is onlya coinpar.uively 
sliort time m the womb and is born in 
a very immature condition, the vascular 
arrangements in tbe yelk-sac and the 
allantois suffice for its nutrition, as uc 
find them in the Monotremes, birds, and 
reptiles. But in the Placentals, where 
gestation lasts a long time, and the 
embryo reaches its full development under 
the protection of its enveloping mem- 
branes, there has to be a new mechanism 
for the direct supply of a large quantity 
of food, and this is admirably met by the 
formation of the placenta. 

Branches of the blood-vessels penetrate 
into the chorion-villi from within, starting 
from the gut-fibre layer of the allantois, 
and bringing the blood of the foetus 
throu^ the umbilical vessels (Fig. 273 
ckz). On the other hand, a thick network 
of blood-vessels developes in the mucous 
membrane that clothes the inner surfiau:e 
of the womb, especially in the region of 
the depressions into which the cnorion- 
villi pmetrate (pluj. This network of 
arteries contains maternal blood, brought 
by the uterine vessels. As the connective 
tissue between the enlarged capillaries of 
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the uterus disappears, wide cavities filled 
with maternal hlood appear, and into 
these the chorion-villi of the embryo 
penetrate. The sum of these vessels ot 
both kinds, that are so intimately corre- 
lated at this point, together with the 
connective and enveloping tissue, is the 
placenta. The placenta consists, there- 
fore, properly speaking, of two different 
though intimately connected parts — the 
foetal placenta (Fig 2^3 cks) within and 
the maternal or uterine placenta (plu) 
without. The latter is niade up of the 
mucous coat of the uterus and its blood- 
vessels, the former of the tufted chorion 
and the umbilical vessels of the embiyo 
(cf Fig. 196). 

The manner in which these two kinds 
of vessels combine in the placenta, and 
the structure, fonn, and size of it, differ 
a good deal in the various Placentals ; to 
some extent they give us valuable data 



Fki JT4 — Skull ofaftissU lamuF (Adi 
die nghtt naif natural uze. B lower ^w, C 


low^ molar. 


at birth the foetal placenta alone comes 
away ; the uterine placenta is not tom 
aw^ with it. 

The formation of the placenta is v^ 
different in the second and higher section 
of the Placentals, the Deetduafa. Here 
a^ain the whole surface of the chorion is 
thickly covered with the villi in the 
beginning. But they afferwards dis- 
appear from one part of the surface, and 
gmw proportionately thicker on the other 
part. We thus get a differentiation 
between the smooth chorion f chorion 
laeve. Fig. 273 chlj and the thickly- 
tufted chorion f chorum frondosum. Fig. 
273 ehf). The former has only a few 
small villi or none at all , the latter is 
thickly covered with large and well- 
developed villi ; this alone now constitutes 
the placenta. In the great majority of 
the Deciduata the placenta has the same 
shape as in man (Figs. 197, 200)— namely 



m), from the Miocene at Quercy A lateral view from 
I maaoca. c canines, > premolan, wi molan. 


for the natural classification, and there- 
fore the phylogeny, of the whole of this 
bub-class On the ground of these 
differences we dnide it into two prinapal 
sections ; the lower Placentals or 
indeetdua, and the higher Placentals or 
Deciduata. 

To the Indecidua belong three im- 
portant groups of mammals : the Lemurs 
( Prostmue ^,the Ungulates (tapirs, horses, 
pigs, ruminants, etc ), and the Cetacea 
(dolphins and whales). In these Indecidua 
the villi are distributed over the whole 
surface of the chorion (or its greater part), 
either singly or in groups. They are 
only loosely connected with the mucous 
coat of the uterus, so that the whole 
foetal membrane with its villi can be easily 
withdrawn from the uterine depres^ons 
like a hand from a glove. There is no 
real coalescence of the two placentas at 
any part of the surface of contact. Hence 


a thick, circular disk like a cake ; so we 
find in the Insectivora, Chiroptera 
Rodents, and Apes. This discoplacenta 
lies on one side of the chorion. But in 
the Sarcotheria (both the Carnivora and 
the seals, Ptnnt^dta) and in the elephant 
and several other Deciduates we find a 
Bonoplacenta ; in these the rich mass of 
\illi runs like a girdle round the middle 
of the ellipsoid chorion, the two poles of 
it being free from them. 

Still more characteristic of the 
Deciduates is the peculiar and very 
intimate connection between the chorum 
frondosum and the corresponding part of 
the mucous coat of the womb, which we 
must r^ard as a real coalescence of the 
two. The villi of the chonon push their 
branches into the blood-filled tissues of 
the coat of the uterus, and the vessels of 
each loop together so intimately that it is 
no longer possible to separate the fcetal 
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simple plarenta In consequence of this i In the various orders of the Deciduates 
coalescence, a whole piece of the linings of the placenta differs considerably both in 
the womb comes away at birth with the outer form and internal structure The 
fuetal membrane that 'is interlaced with it , extensive invcstigpitions of the last ten 
This piece is c.illed the “ f.illin}r-.i\v.iv ” | years have shown that there is more 
membrane (decidua) It is also L.ilied variation in these respects amon^; the 
the serous (spongy ) membrane, because 1 higher mammals than was formerly 

supposeU The physiological 
work of this important em- 
bryonic organ, the 
the fvetus during 
sojourn in the 
accomplished in various 

groups Placentals by 

different and sometimes 
elaborate 

They lately been fully 

described by 

The the 

h'as become 

Intelligible from the f.ict that 
we have found ,1 numlxir of 
tr.insitiunal forms of it Some 
_ of the Marsupials f' PemnnU’s) 

have the beginning of a 
nl.iccnta. In some of the 
Lemurs ( Tarstus ) a discoid 
placenta with decidua is 
developed. 

While these important 
results of comparative em- 
bryology h.ive been throwing 
further ’ light on the close 
blood>relationshipof man and 
the anthropoid apes in the 
List few j'e.irs (p 172), the 
gre<it advance of p«tlcs)ntology 
lias at the same time been 
atfurdmg us a deeper insight 
into the stem-history of the 
Placental group. In the 
seventh chapter of my Syslc- 
matte Phytogeny of the I 
brutes advanced the hypo- 
thesis the PLiccntals 

form a single stem with many 
Fig. «75-— The Slender Lori (Stenops gmciUt) of Ccjlon. a branches, which h.as been 
evolved from an older group 
of the Marsupials (Prodt- 
it is pierced like a sieve or sponge. AH delphta). The four great legions of the 
the higher PLicentals that have this Placentals — Rodents, Ungulates, Car- 
decidua are classed together as the nassia, and Primates — are sharply 
“ Deciduates.” The tearing away of the separated to-day by important features of 
decidua at birth naturally causes the organisation. But if we consider their 
mother to lose a tpiantity of blood, which extinct ancestors of the Tertiary period, 
docs not happen in the Indccidua. The the differences gradually disappear, the 
last part of the uterine coat has to be deeper we go in the Cenozoic deposits ; in 
fepaired a new growrth after birth in theendwc Hndthatthey vankhaltogether. 
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The ^imitive stem-forms of the Rodents 
(Etihonychtda), the Ungulates f Chondy- 
larlhra), the Camassia ( Ictopnda), and 
the Primates ( Lemuraxitda J are so closely 
related at the beginning of the Tertiary 
period that we might group them 
together as different families of one order, 
the Proplacentals ( Mallothena or Pro- 
chortcUa j. 

Hence the great majority of the 
Placcntals have no direct and close 
relationship to man, hut only the legion 
of the Primates. This is now generally 
divided into three orders— the half-apes 
( Prostmter), apes (Sttntee), and man 
( AnthroptJ. The lemurs or half-apes arc 
the stem-group, descending from the 
older Mallothena of the Cretaceous period 
From them the apes were evolved in the 
Tertiary period, and man was formed 
from these towards its close. 

The Lemurs ( Ptostmtu ) havefewliring 
representatives. Butthej are very interest- 
ing, and are the last survivors of a once 
extensive group We find many fossil 
remains of them in the older Tertiary 
deposits of Europe and North America, 
in the Eocene and Miocene. We distin- 
guish two sub-orders, the fossil Lemum- 
vtda and the modem /..emurogona. Tire 
earliest and most primitive forms of the 
Lcmuravida are the Pachj lemurs^ Hypop- 
sodnut ) , they come next to the earliest 
Placcntals ( Prachonata J, and have the 
typical full dentition, with forty-four teeth 
(ilia)- "T*’® Necrolcmurs (Adafnda, 
Fig 27^) have only forty tc'cth, and have 
lost an incisor in each jaw (7-J J-J ). The 
dentition is still further rcduc^ in the 
Lemurogona (A utolcmures ), which 
usually ii.ive only thirty-six teeth (J ] J J )• 
These living survivors are scattered f.ir 
over the southern p.irt of the Old World 
Most of the spexMes live in Madagascar, 
some in, the Sund.i Islands, others on the 
mainland of Asia and Africa. They are 
gloomy and melancholic animals , they 
live ,1 quiet life, climbing trees, and eating 
fruit .ind insects. They are of different 
kinds Some arc closely related to the 
Marsupials (especially the opossum) 
Others C Macrotarst ) are nearer to the 
Insectivora, others again (Chiromys) to 
the Rodents Some of the lemurs 
f Brachvtarsi ) approiich closely to the 
true apes. The numerous fossil remains 
of half-apes and apes that have been 
recently found in the Tertiary deposits 
justify us in thinking that man’s ancestors 
were represented by several different 


aS7 


species during this lon^ period. Some of 
these were almost as big as men, such as 
the diluvial lemurogonon Megaladapxs of 
Madagascar. 

Next to the lemurs come the true apes 
( StmusJ, the twenty-sixth stage in our 
ancestry. It has b^n beyond question 
for some time now that the apes apfiroach 
nearest to man in every resp^ of all the 
animals. Just as the lowest apes come 
close to the lemurs, so the highest come 
next to man. When we carefully study 
the comparative anatomy of the apes and 
man, we can trace a gradual and uninter- 
rupted advance in the organisation of the 
ape up to the purely human frame, and, 
after impartial examination of the “ ape- 



problem ” that has been discussed of late 
years w'ith such passionate interest, W’e 
come infallibly to the important conclu- 
sion, first formulated by Huxley in 1863 ; 
“■Whatever systems of organs we take, 
the comparison of their modifications in 
the series of apes leads to the same result : 
that the anatomic differences that separate 
man from the gorilla and chimpanzee are 
not as great as those that seixiratc the 
gorilla Irom the lower apes.” Translated 
into phylogenetic language, this “ pithe- 
cometra-law,”formulated in such masterly 
fashion bv Huxley , is quite equivalent to 
the popular s.ij ing “ Man is descended 
from the apes ” 

In the very first exposition of his pro- 
found natural classification (1735) Linnd 
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placed the anthropoid mammals at the 
nead of the animal kinfi^oni, with throe 
genera : man, the ape, and the sloth. 
He afterwards called them the “ Primates” 
— ^the “ lords ” of the animal world ; he 
then also separated the lemur from the 
true ape, and rejected the sloth. Later 
zoologists divideu the order of Primates. 


and Quadrumana was retained by Cuvier 
and most of the subsequent zoologists. 
It seems to be extremely important, but, 
as a matter of fact, it is totally wrong. 
This was first shown in 1863 by Huxley, 
in his famous Man's Place xn Nature. 
On the strength of careful comparative- 
anatomical research he proved that the 



First the Gottingen anatomist, Blumen- ' apes are just as truly “ two-handed ” as 
bach, founded a special order for man, ! man ; or, if we prefer to reverse it, that 
which he called two-handed”): . man is as truly four-handed as the ape. 

in a second order he united the apes and I He showed convincingly that the ideas of 
lemurs under the name of Qxtadrumana : hand and foot had been wrongly defin^, 
1“ four-handed ”) ; and a third order was I and had been improperly based on physio- 
formed of the disUntly-related Cht.-vplem logical instead of morphological grounds, 
(bats. etc.). The separation of the Bimana > The circumstance that we oppose the 
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thumb to the other four fingers in our 
hand, and so can grasp thipm, seemed 
to be a special distinction of the hand in 
contrast to the foot, in which the corre- 
sponding great toe cannot be opposed in 
this way to the others. But the apes can 
sp^sp with the hind-foot as well as the 
fore, and so were regarded as quadru- 
manous. However, the inability to grasp 
that we find in the foot of civili^ man is 
a cons^uence of the habit of clothing it 
with tight coverings for thousands of 
years. Many of the bare-footeJ lower 
races of men, especially among the 
negroes, use the foot very freely in the 
same way as the hand. As a result of 
early habit and continued practice, they 
can grasp with the foot (in climbing trees, 
for instance) just as well as with the 
hand. Even new-born infants of our own 
race can grasp very strongly with the 
great toe, and hold a spoon with it as 
firmly as with the hand. Hence the 
physiological distinction between hand 
and foot can neither be pressed very far, 
nor has it a scientific basis. We must 
look to morphological characters. 

As a matter of fact, it is possible to 
draw such a sharp morphological distinc- 
tion — a distinction based on anatomic 
structure — between the fore and hind 
extremity. In the formation both of the 
bony skeleton and of the muscles that are 
connected with the hand and foot before 
and behind there are material and con- 
stant differences , and these are found 
both in man and the ape. For instance, 
the number and arrangement of the 
smaller bones of the hand and foot are 
quite different. There are similar con- 
stant differences in the muscles. The 
hind extremity always has three muscles 
(a short flexor muscle, a short extensor 
muscle, and a long calf-musclr) that are 
not found in the fore extremity. The 
arrangement of the muscles also is 
different before and behind. These charac- 
teristic differences between the fore and 
hind extremities are found in man as well 
as the ape. There can be no doubt, there- 
fore, that the ape's foot deserves that name 
just as much as the human foot does, and 
that all true apes are just as “ bimanous ” 
as man The common distinction of the 
apes as “ quadrumanous ” is altogether 
wrong morphologically. 

But it may be asked whether, quite 
apart from this, we can find any other 
features that distinguish man more 
sharply from the ape than the various 


species of apes are distinguished from 
each other. Huxley gave so complete 
and demonstrative a reply to this question 
that the opposition still raised on many 
sides is aMolutely without foundation. 
On the ground of careful comparative- 
anatomical research, Huxley proved that 
in all morphological respects the differ- 
ences between the highest and lowest 
apes are greater than the corresponding 
differences between the highest apes and 
man. He thus restored Linn^’s order of 
the Primates (excluding the bats), and 
divided it into three sub-orders, the first 
composed of the ( Lemundee), 

the second of the true apes ( Stmxada), 
the third of men ( AnthropuiUe). 

But, as we wish to proceed quite con- 
sistently and impartially on the laws of 
systematic logic, we may, on the strength 
of Huxley’s own law, go a good d^ 
farther in this division. We are justified 
in going at least one important step 
farther, and assigning man his naturm 
place within one of the sections of the 
order of apes. All the features that 
characterise this group of apes are found 
in man, and not found in the other apes. 
We do not seem to be justified, therefore, 
in founding for man a special order 
distinct from the apes. 

The order of the true apes ( Stmke or 
PtthecaJ — excluding the lemurs — has 
long b^n divided into two princip^ 
groups, which also differ in their 
geographical distribution. One group 
(Uesperoptikeca, or western apes) live in 
America. The other group, to w'hich man 
belongs, are the EopUheca or eastern apes ; 
they are found in Asia and Africa, and 
were formerly in Europe. All the eastern 
apes agree with man in the features that 
are chiefly used in zoological classifica- 
tion to distinguish between the two 
simian groups, especially in the dentition. 
The objection might be raised that the 
teeth are too subordinate an organ physio- 
logically for us to lay stress on them in so 
important a question. But there is a 
gotxl reason for it ; it is with perfect 
justice that zoologists have for more than 
a century paid particular attention to the 
teeth in the systematic division and 
arrangement of the orders of mammals. 
The number, form, and arrangement of 
the teeth are much more faithfully 
inherited in the various orders than most 
other characters. 

Hence the form of dentition in man is 
very important. In the fully developed 
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condition we have thirty-two teeth ; of Next to these, at each side of both jaws, 
these eight are incisors, four canine, and is a canine (or “ eye tooth ”), which is 
twenty molars. The eight incisors, in larger than the incisors. Sometimes it is 
the middle of the jaws, have certain very prominent in man, as it is in most 



characteristic differences abo\e and apes and many of the other mammals, 
below. In the upper iaw the inner and forms a sort of tusk. Next to this 
incisors are larger than the outer ; in the there arc five molars above and below on 
lower jaw the inner are the smaller, each side, the first two of which (the 
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" pre-molars ”) are small, have only one 
root, and are included in the change of 
teeth ; the three back ones are much 
larger, have two roots, and only come 
with the second teeth. The apes of the 
Old World, or all the living or fossil apes 
of Asia, Africa, and Europe, have the 
same dentition as man. 

On the other hand, all the American 
apes have an additional pre-molar in 
each half of the jaw. They have six 
molars above and below on each side, or 
thirty-sis teeth altogether. This charac- 
teristic difference between the eastern and 
western apes has been so faithfully 
inherited that it is veiy instructive for us. 
It is true that there seems to be an excep- 
tion in the case of a small familjr of South 
American apes. The small silky apes 
( ArctapUheca or Hapaluia), which in- 
clude the tamarin ( Midas ) and the 
brush-monkey ( facchus J, have only five 
molars in each half of the jaw (instead of 
six), and so seem to be nearer to the 
eastern apes. But it is found, on closer 
examination, that they have three pre- 
molars, like all the western apes, and 
that only the last molar has b^n lost 
Hence the app<ircnt exception really 
confirms the above distinction. 

Of the other features in which the two 
groups of apes dilTcr, the structure of the 
nose is particularly instructive and con- 
spicuous. All the eastern apes have the 
same type of nose as man — a compara- 
tively narrow p<irtition between the two 
halves, so that the nostrils run down- 
wards In some of them the nose 
protrudes as f.ir as in man, and has the 
same characteristic structure. We have 
already alluded to the cunous long-nosed 
apes, which have a long, finely-curved 
nose. Most of the eastern apes have, it 
is true, rather flat noses, like, for 
instance, the white-nosed monkev (Fig. 
376) : but the nasal partition is thin and 
narrow in them all. The .American apes 
have a different type of nose. The parti- 
tion IS very broad and thick at the bottom, 
and the wings of the nostrils are not 
dcvreloped, so that they point outwards 
instead of downwards. This difference 
in the form of the nosus is so constantly 
inherited in both groups that the apes of 
the New World are called “flat-nosed” 
( PlatyfrhttuB), and those of the Old 
World “ narrow-nosed ” ( Cafarrhtna ). 
The bony passage of the ear (at the 
bottom of which is the tympanum) is 
short and wide in all the Platyrrhlnes, 


but long and narrow in all the Catar- 
rhines ; and in man this difference also is 
si^ificant. 

This division of the apes into Pla^- 
rhines and Catarrhines, on the g^und of 
the above hereditary features, is now 
generally admitted in zoology, and 
receives strong support from the geo- 
graphical distribution of the two groups 
in the east and west It follows at once, 
as regards the phytogeny of the apes, 
that two divergent lines proceeded from 
the common stem-form of the ape-order 
in the early Tertiary period, one of which 
spread over the Old, the other over the 
New, World. It is certain that aii the 
Platyrrhines come of one stock, and also 
all the Catarrhines ; but the former are 
phylogenctically older, and must be 
regarded as the stem-group of the latter. 

What can we deduce from this with 
regard to our own genealogy ? Man lias 
just the same characters, the same form 
of dentition, auditory passage, and nose, 
as all the Catarrhines ; in this he radi- 
cally differs from the Platyrrhines. We 
are thus forced to assign him a position 
among the eastern apes in the order of 
Primates, or at least place him alongside 
of them. But it follows that man is a 
direct blood relative of the apes of the 
Old World, and can be traced to a 
common stem-form together with all the 
Catarrhines. In his whole organisation 
and in his origin man is a true C^tar- 
rhine ; he originated in the Old World 
from an unknown, extinct group of the 
eastern apes. The apes of the New 
World, or the Platyrrhines, form a 
divergent branch of our genealogical 
tree, and this is only distantly related at 
its root to the human race. We must 
assume, of course, that the earliest 
Eocene apes had the full dentition of the 
Platyrrhines ; hence we may regard this 
stem-group as a special stage (the twenty- 
sixth) in our ancestry, and deduce from it 
(as the twenty-seventh stage) the earliest 
Catarrhines. 

We have now reduced the circle of our 
nearest relatives to the small and com- 
paratively scanty group that is repre- 
sented by the sub-order of the Catar- 
rhines, and we are in a position to 
answer the question of man's place in 
this sub-order, and say whether we can 
deduce anything further from this posi- 
tion as to our immediate ancestors. In 
answering this question the comprehen- 
sive and able studies that Huxley gives of 
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the comparative anatomy of man and 
the various Catarrhines in his Man's 
Plate in Nature are of great assistance to 
us. It is quite clear from these that the 
differences ^tween man and the highest 
Catarrhines (gorilla, chimpansee, and 
orang) are in every respect slighter than 
the corresponding differences between the 
highest and the lowest Catarrhines 
(a^ite-nosed monkey, macaco, baboon, 
etc.). In fact, within the small group of 
the tail-less anthropoidapes the differences 
between the various genera are not less 
than the differences tetween them and 
man. This is seen by a glance at the 
skeletons that Huxley has put tc^ether 
(Figs. 278-282). Whether we take the 
skull or the vertebral column or the ribs 
or the fore or hind limbs, or whether we 
extend the comparison to the muscles, 
blood-vessels, brain, placenta, etc., we 
always reach the same result on impartial 
examination — that man is not more 
different from the other Catarrhines than 
the extreme forms of them (for instance, 
the gorilla and baboon) differ from each 
other. We may now, therefore, complete 
the Huxleian law we hate already quoted 
with the following thesis: “Whatever 
system^ of organs we take, a comparison 
of their modific<itions in the series of 
Catarrhines always leads to the same 
conclusion ; the anatomic differences that 
separate man from the most advanced 
Catarrhines (orang, gorilla, chimpanzee) 
are not as s^rcat as those that separate 
the latter from the lowest Catarrhines 
(white-nosed monkey, macaco, baboon).” 

We must, therefore, consider the descent 
of man from other Catarrhines to be fully 
proved. Whatever further information 
on the comparative anatomy and onto- 
geny of the living Catarrhines we may 
obtain in the future, it cannot possibly 
disturb this conclusion. Naturally, our 
Catarrhine ancestors must have pa.ssed 
through a long series of different forms 
before the human type was produced. 
The chief advances that effected this 
“ creation of man,” or his differentiation 
from the nearest related Catarrhines, 
were : the adoption of the erect posture 
and the consequent greater differentiation 
of the fore and hind limbs, the evolution 
of articulate speech and its organ, the 
larynx, and the further development of 
the brain and its function, the soul ; 
sexual selection had a great influence in 
this, as Darwin showed in his famous 
work. 


With an eye to these advances we can 
distinguish at least four important stages 
in our simian ancestry, which represent 
prominent points in the historical process 
of the making of man. We may take, 
after the Lemurs, the earliest and lowest 
Platyrrhines of South America, with 
thirty-six teeth, as the twenty-sixth stage 
of our genealdgy ; they were developed 
from the Lemurs by a peculiar modifletu 
tion of the brain, teeth, nose, and fingers. 
From these Eocene stem-apes were formed 
the earliest Catarrhines or eastern apes, 
with the human dentition (thirty -two 
teeth), by modification of the nose, 
lengthening of the bony channel of the 
ear, and the loss of four pre-molan.. 
These oldest stem-forms of the whole 
Catarrhine group were still thickly coated 
with hair, and had long tails — baboons 
( Cyuopttkeca J or tailed apes {Menocerca, 
Fig. 276). They lived during the Tertiary 
period, and are found fossilised in the 
Miocene. Of the actual tailed apes 
perhaps the nearest to them are the 
Semnopilhect. 

If we take these Semnopitheci as the 
twent} -seventh stage in our ancestry, we 
may put next to them, as the twenty- 
eighth, the tail-less anthropoid apes. This 
name IS given to the most advanced and 
man-like of the existing Catarrhines. 
Tliey were developed from the other Catar- 
rhines bj losing the tail and part of the 
hair, and by a higher development of the 
brain, which found expression in the enor- 
mous growth of the skull Of this re- 
markable family there are only a few 
genera to-day, and we have already dealt 
with them (Chapter XV.) — the gibbon 
(Hylobates, Fig. 203) and orang (Salyttu, 
Figs. 204, 205) ill South-Eastern Asia and 
the Archipelago ; and the chimpanzee 
{Anthropithecus, Fips. 206, 207) and gorilla 
{Gorilla, Fig. 208) in Equatorial Africa. 

The great interest that every thought- 
ful man takes in these nearest relatives 
of ours has found expression recently in 
a fairly large literature. The most distin- 
guish^ of these works for impartial treat- 
ment of the question of affini^ is Robert 
Hartmann’s little work on The Anthro- 
poid Ajies. Hartmann divides the primate 
order into two families' (i) Pnmant (man 
and the anthropoid apes) ; and (2) Stmtanee 
(true apes, Catarrhines and Platyrrhines). 
Professor Klaatsch, of Heidelberg, has 
advance*) a different view in his interest- 
I ing and richly illustrated work on The 
\ Or^H €Md L>evelopment ^ the Human 
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Rcue. This is a substantial supplement this anthropoid family and originates from 
to my AnRtropogeny, in so far as it rives it, we may assign an important inter- 
the chief results of modem research on mediate form between the Prothylobates 
the early history of man and civilisation, and him (the twenty-ninth stage in our 
But when Klaatsch declares the descent ancestry), the ape-men ( Piihecanthropt). 
of man from the apes to be “irrationri, I gave this name in the History of Crea- 
narrow-minded, and false,” in the belief tion to the “ speechless primitive men ” 
that we are thinking of some living which were men in the ordinaiy 

species of ape, we must remind him that sense as far as the general structure is 
no competent scientist has ever held so concerned (especially in the differentia- 
narrow a view. All of us look merely— tion of the limbs), but lacked one of the 
in the sense of Lamarck and Darwin — to chief human characteristics, articulate 
the original unity (admitted by Klaatsch) speech and the higher intelligence that 
of the primate stern. This common goes with it, and so had a less develofied 
descent of all the Primates (nien, apes, brain. The phylogenetic hypothesis of 
and lemurs) from one primitive stem- the organisation of this “ ape-man ” which 
form, from which the most far-reaching I then advanced was brilliantly confirmed 
conclusions follow forthe whole of anthro- twenty-four years afterwards by the 

pQlO^lr anri nVllIrtGOnVl V IC aHmsttArf Ksr 4 -Vsa IVkcr-Sl 

Klaat roll as by myself 

ind all other competent zoolo- 
gists who accept the theory of 
evolution in general. He says 
explicitly (p 17a) . “ The three 
anthropoid apes — gorilla, 
chimpanzee, and orang — seem 
to be branches from a com- 
mon root, and this was not 
far from that of the gibbon 
and man.” That is in the 
main the opinion that I have 
maintained (especially against 
Virchow) in a number of works 
ever since 1866. The hypo- 
thetical common ancestor of 
all the Primates, which must 
have lived in the earliest 
Tertiary period (more prob- 
ably in the Cretaceous), was Fta Skull of the fbssU ape-man of Java fPiOee^ 
called by me Archifinmus; 

Klaatsch now oills it Pnma- 

tmd. Dubois has proposed the f anthropus erectus by Eugen Dubois (then 

priatc name of Prvthylobalcs fo military surgeon in Java, afterwards 

common and much younger stem-fc professor at Amsterdam). In 189a he 

the anthropomorpha (man and the anthre found at Trinil, in the residency of 

' - -t\ia\Hy!-‘^-‘--' Madiun in Java, in Pliocene deposits, 

three e _ «rtain remains of a large and very man- 

poids. None of these can be said to be like ape (roof of the skull, femur, and 
absolutely the most man-like. The gorilla teeth), which he described as “an erect 
comes next to man in the structure of the ape-man” and a survivor of a “stem-form 
hand and foot, the chimpanzee in the of man” (Fig. 283). Naturally, the 
chief features of the skull, the orang in Pithecanthropus excited the liveliest 
brain development, and the gibbon in the interest, as the long-sought transitional 
formation of the chest. None of these form between man and the ape: we 
existing anthropoid apes is among the seemed to have found “the missing link.” 
direct ancestors of our race , they are There were very interesting scientific dis- 
scattered survivors of an ancient branch cussions of it at the last three International 
of the Catarrhines, from which the human Congresses of Zoology (Leyden, 1895, 
race developed in a particular direction. Cambridge, 1898, and Berlin, 1901). I 
Although man is directly connected with took an active part * 
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Cambridge, and may refer the reader to 
the paper I read there on “ The Present 
Position of Our Knowledge of the Origin 
of Man ” (translated by Dr. Gadow with 
the title of The Last Link). 

An extensive and valuable literature 
has grown up in the last ten years on the 
Pithecanthropus and the pithecoid theory 
connected with it. A number of distin- 
guished anthropologists, anatomists, 
paleontologists, and phylogenists have 
taken part in the controversy, and made 
use of the important data furnished by the 
new science of pre-historic research. 
Henn<inn Klantsch has given a ^ood 
summary of them, with many fine illus- 
trations, in the above-mentioned work. 
I refer the reader to it as a valuable 
supplement to the present work, especially 
as 1 cannot go anj further here into these 
anthropological and pre-h istoric questions. 
I w ill onl} repeat that I think he is wrong 
in the attitude of hostility that he affects 
to take up with regard to mj own views 
on the descent of man from the apes. 

The most powerful opponent of the 
pithecoid theorj' — and the thcoiy of evolu- 
tion in general — during the last thirty 
years (until his death in September, 1902) 
was the famous Berlin anatomist, Rudolf 
Virchow. In the speeches which he 
delivered every jear at various con- 
gresses and meetings on this question, 
he was never tired of attacking the h.ated 
“ape theorj ” His constant categorical 
position was. “It is quite certain that 
man docs not descend from the ape or 
any other animal.” This has been 
repeated incessantly by opponents of the 
theon’, especially theologians and philo- 
sophers In the inaugural speech that he 
delivered in 1894 at the Anthropological 
Congress at Vienna, he said that “ man 
might just as well have descended from a 
sheep or an elephant as from an ape.” 
Absurd expressions like this only snow 
that the famous pathological anatomist, 
who did so much for medicine in the 
establishment of cellular pathologj , had 
not the requisite attainments in compara- 
tive anatomy and ontogeny, systematic 
zoology and paleontology, for sound judg- 
ment in the province of anthropology. 
The Strassburg anatomist, Gustav 
Schwalbe, deserved great praise for 
having the moral courage to oppose this 
dermatic and ungrounded teaching of 
Virchow, and showing its untenability. 
The recent admirable works of Schwalbe 
on the Pithecanthropus, the earliest races 


of men, and the Neanderthal skull (1897- 
1901) will supply any candid and judicious 
reader w'ith the empirical material with 
which he can convince himself of the 
baselessness of the erroneous dogmas of 
Virchow and his clerical friends (J. Ranke, 
J. Bumuller, etc.). 

As the Pithecanthropus walked erect, 
and his brain (judging from the capacity 
of his skull. Fig. 283) was midway 
between the lowest men and the anthro- 
poid apes, we must assume that the next 
great step in the advance from the Pithec- 
anthropus to man w’as the further develop- 
ment of human speech and reason. 

Comparative philology has recently 
shown that human speech is poly- 
phyletic in origin ; that we must dis- 
tinguish several (probably manj ) different 
primitive tongues that were developed 
independently The evolution of lan- 
guage also teaches us (both from its 
ontogenj in the child and Us phj logeny 
in the nice) that human speech proper 
was only gradually developed after the 
rest of the body had attained its charac- 
teristic form. I t is probable that language 
was not evolved until after the dis^rsal 
of the various species and races of men, 
and this probably took place at the com- 
mencement of the Quaternary or Diluvial 
period. The speechless ape-men or Alah 
certainly existed towards the end of the 
Tertiary period, during the Pliocene, 
possibly even the Miocene, period. 

The third, and last, stage of our animal 
ancestry is the true or spe.iking man 
(Homo), who was gradually evolved 
from the preceding stage by the .idvancc 
of animal language into articulate human 
speech. As to the time and place of this 
real “creation of m.in” we can only 
express tentative opinions. It was prob- 
ably during the Diluvial perUxl in the 
hotter zone of the Old World, cither on 
the mainland in tropical Africa or Asia, 
or on an earlier continent (Lemuria — now 
sunk below the waves of the Indian 
Ocean), which stretched from East Africa 
IMadagascar, Abyssinia) to East Asia 
(Sunda Islands, Further IndiiO. I have 
given fully in my History of Creation 
(chap. XXV iii ) the weighty reasons for 
claiming this descent of man from the 
anthropoid eastern apes, and shown how 
we may conceive the spread of the various 
races from this “ Paradise ” over the whole 
earth. I have also dealt fully with the 
relations of the various races and species 
of men to each other. 



SYNOPSIS OF THE CHIEF SECTIONS OF OUR 
STEM-HISTORY 


First stage : Tbe PrOtlstS. 

Man's ancestors are unicellular protozoa, 
originally unnucleated Monera like the 
Chromacea, structureless green particles of 
plasm : afterwards real nucleated cells (first 
plasmodomous F^tophyta, like the Palmella . 
then plasmophagous ^tomoa, like the 
Amoeba). 

Second stage Tbe Blastssads. 

Man's ancestors are round ccenobta or 
colonies of Protozoa , they consist of a close 
association of nuiny homogeneous cells, and 
thus are individu.ils of the second order 
They resemble the round cell-communities 
of the Magospliierm and Volvoeina, equi- 
valent to the ontogenetic bUstula hollow 
globules, the wall of whuh consists of a 
single layer of ciliated cells (blastoderm) 

Third suge : The Gastrteads. 

Man's ancestors are Gastrieads, like the 
simplest of the actual Metazoa (Prophysema, 
Olyiithus, Hydra, Pemmatodiscus). Their 
body consists merely of a primitue gut, the 
wall of which is made up of the two primary 
germinal layers. 

Fourth stage : The Platodes. 

Man's ancestors have suKstanlkilly the 
organisation of simple Platodes (at nn>t like 
the cryptocoelic Platodana, later like the 
rhabdoceelic Turbellana), The leaf-shaped 
bilateral-sy mmctrical body has only one gut- 1 
opening, and dcvelopes the first trace of a ' 
nervous centre from the ectoderm in the 
middle line of the back (Figs. 339, 240) 

Fifth stage : The Veraalia. 

Man's ancestors have substantially the 
organisation of unarticulated Vermalia, at 
first Gastrotricha (Ichthydina), aftemards 
Frontonia(Ncraertina, Enteropneusta). Four 
secondary germinal layers develop, two 
middle layers arising between the limiting 
layers (coeloma). The dorsal ectoderm 
forms the vertical plate, acrogangbon 
(Fig. 243). 

Sixth stage i The Proohordonia, 

Man's ancestors have substantially the 
organisation of a simple unarticulated Cbor- 
donium (Copelata and Ascidia-larvae). The 
unsegmented chorda dcvelopes between the 


dorsal medullary tube and tbe ventral gut- 
tube Tbe simple coelom-pouches divide by 
a frontal septum into two on each side : the 
dorsal pouch (episomite) forms a muscle- 
plate 5 the ventral pouch (hyposomite) forms 
a gonad. Head-gut with gill-clefts. 

Seventh stage : The Acranla. 

Man’s ancestors are skull-less Vertebrates, 
like the Amphioxus. The body is a scries 
of metamera, as several of the primitive 
segments are developed The head contains 
in the ventral half the branchial gpit, the 
trunk the hepatic gut The medullary tube 
IS still simple No skull, jaws, or limbs 
Eighth stage : The Cyclostoma. 

Man’s ancestors are jaw-less Craniotes 
(like the Myxmoida and Petromyzonta). 
The number of metamera increases. The 
fore-end of the medullary tube expands into 
a tesicle and forms the brain, which soon 
divides into five cerebral ve.sicles. In the 
sides of It appear the three higher sense- 
organs: nose, eyes, and auditory vesicles. 
No jaws, hmbs, or floating bladder. 

Ninth stage ; The Ichtbyoda. 

Man’s ancestors are fisb-like Craniotes : 
(1) Primitive fishes (Sclachn) , (2) plated 
fishes (Ganoida); (3) amph bian fishes 
(Dimeusta) , (4) mailed amphibia (Stego- 
cephala). The ancestors of this .senes 
develop two pairs of limbs a pair of fore 
(breast-fin-s) and of hind (belly -fins) legs. 
Tbe g^l-archcs are formed between the gill- 
clefts: the first pair form the maxillaiy 
arches (upper and lower jaws) The floating 
bladder (lung) and pancreas grow out of the 
gut. 

Tenth sUge The Amnlotes. 

Man's ancestors are Amniotes or gill-less 
Vertebrates: (i) Pnmitive Amniotes (Pro- 
rcptilia) , (2) ^uromammals , (3) Pnmitive 
MammaU (Monotremes) , (4) Marsupials ; 
(s) Lemurs (Prosimiae), (6) Western apes 
(Platyrrhina!) ; (^) Eastern apes (Catar- 

rhina:) : at first tailed Cynopitheta, then tail- 
less anthropoids : later speechless ape-men 
(Alali); finally speaking man. The ances- 
tors of these Amniotes develop an amnion 
and allantois, and gradually a-ssume the 
mammal, and finally the specifically human. 
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Chapter 

EVOLUTION OF THE 

Thk previous chapters have tatight us 
how the human body as a whole deve- 
lopes from the first simple rudiment, a 
single layer of cells. The whole human 
race owes its origin, like the individual 
man, to a simple cell. The unicellular 
stem-form of the race is reproduced daily 
m the unicellular embry’onic stage of the 
individual. We have now to consider 
in detail the evolution of the various parts 
that make up the human frame. 1 must, 
naturally, confine myself to the most 
general and principal outlines , to make 
a special study of the evolution of each 
organ and tissue is both beyond the scope 
of this work, and probably be}’ond the 
anatomic capacity of most of my readers 
to appreciate. In tracing the evolution 
of the various oigans we shall follow the 
method that has hitherto guided us, 
except that we shall now have to consider 
the ontv^eny and phy Ic^eny of the organs 
together. We have seen, in studying the 
evolution of the body as a vv hole, that j 
phylc^eny casts a light over tlie darker i 
paths of ontogeny, and that we should . 
be almost unable to find our way in it I 
without the aid of the former. shall ' 
have the same experience in the study ^ 
of the organs in detail, and I shall be ' 
compelled to give simultaneously their 
ontogenetic and phylogenetic origin 
Tlie more we go into the details of organic [ 
dev elopment, and the more closely we > 
follow the rise of the various parts, the j 
more we see the inseparable connection | 
of embryolc«y and stcm-histoiy. The ' 
ontc^eny of the organs can only be 
understood in the light of their phylt^eny, 
just as we found of the embryology of 
the whole body. Each embry’onic form 
is determined by a corresponding stem-, 
form. Tliis is true of details as well as 
of the whole. 

We will consider first the animal and 
then the vegetal systems of organs of the 
body. The first group consists of the 
psychic and the motor apparatus. To 
the former belong the skin, the nervous 
system, and the sense-organs. The 
motor apparatus is compraed of die 
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passive and the active organs of move- 
ment (the skeleton and the muscles). 
The second or vegetal group consists of 
the nutritive and the reproductive appa- 
ratus. To the nutritive apparatus belong 
the alimentary canal with all its appen- 
d^es, the vascular system, and the renal 
(kidney) system. The r^roductive appa- 
ratus comprises the diflerent organs of 
sex (embryonic glands, sexual ducts, and 
copulative organs) 

As we know from previous ch.ipters 
(Xl.-XIlI.), the animal systc'ins of organs 
(the organs of sensation and presentation) 
develop for tlie most part out of the outer 
primary genii-layer, or the cutaneous 
Ukin) layer On the other hand, the 
vegetal systems of orgi^ns arise for the 
most p."!!! from the inner priin.iry germ- 
laver, the visceral layer It is true that 
tins antithesis of the animal and vegetal 
spheres of the body in man and all the 
higher animals is by no means rigid ; 
several parts of the animal apparatus (for 
instance, the greater part of the muscles) 
are formed from cells that come originally 
from the entoderm ; and a great part of 
the vegetative apparatus (forinst.ance, the 
mouth-cavity and the gonuducts) arc 
composed of cells that come from the 
ectoderm. 

In the more advanced animal body 
there is so much interlacing and displ.ice- 
ment of the various parts tliat it is often 
very difficult to indicate the sources of 
them. But, broadly speaking, we may 
take it as a positive and important fact 
that in man and the higher animals the 
chief part of the animal organs comes 
from the ectoderm, and the greater part 
of the vegetative organs from the 
entoderm, it was for this reason that 
Carl Ernst von Baer called the one the 
animal and the other the vegetative layer 
(see p. i6). 

The solid foundation of this important 
thesis is lha jpufru/a, the most instructive 
embiwonic &m in the animal world, 
which we still find in the same shape in 
the most diverse classes of animals. 
This form points demonstrably to a 
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common stem-form of all the Metazoa, 
the Gastrtea ; in this long-extinct stem- 
form the whole body consisted throughout 
life of the two primary germinal layers, 
as is now the case temporarily in the 
gastrula; in the Gastraea the simple 
cutaneous (skin) layer actually repre- 
sented all the animal organs and func- 
tions, and the simple visceral (gut) layer 
all the vegetal organs and functions. 
This is the case with the modem 
Gastraeads (Fig. 233) ; and it is also the 
ie poUiUialfy with the 
We shall easily see tfiat the gastraea 
theory is thus able to throw a good deal 
of light, both morphologically and physio- 
logically, on some of the chief features of 
embryonic development, if we take up 
first the consideration of the chief 
element in the animal sphere, the psychic 
^^ratus or sensorium and its evolution. 
This apparatus consists of two very 
different parts, which seem at first to 
have very little connection with each 
other — the outer skin, with all its hairs, 


system. The latter comprises the central 
ner\-ous system (brain and si^inal cord), 
the peripheral, cerebral, and spinal nerves, 
and the sense-organs. In the fully- 
formed vertebrate body these two chief 
elements of the sensorium lie far apart, 
the skin being external to, and the central 
nervous system in the very centre of, the 
body. The one is only connected with 
the other by a section of the peripheral 
nervous system and the sense-organs. 
Nevertheless, as we know from human 
embryology, the medullary tube is formed 
from the cutaneous layer. The organs 
that discharge the most advanced func- 
tions of the animal body — the organs of 
the soul, or of psychic life — develop from 
the external skin. Tliis is a perfectly 
natural and necessary process. If we 
reflect on the historical evolution of the 
psychic and sensory functions, we are 
forced to conclude that the cells which 
accomplish them must originally have 
been locat " ' - ^ . 

body. Only elementary organs in this 
superficial position could directly receive 
the influences of the environment. After- 
wards, under the influence of natural 
selection, the cellular group in the skin 
which was sproifically “ sensitive ” with- 
drew into the inner and more protected 
part of the body, and formed there the 
foundation of a central nervous organ. 
As a result of increased differentiauon. 


the skin and the central nervous system 
became further and further separated, 
-i in the end the two were only perma- 
itly connected by the afferent peripheral 
sensory nerves. 

The observations of the comparative 
umtomist are in complete accord with 
his view. He tells us that large numbers 
if the lower animals have no nervous 
system, though they exercise the functions 
-if sensation and will like the higher 
inimals. In the unicellular Protozoa, 
which do not foim germinal layers, there 
*“ “f course, neither nervous system nor 



sweat-iplaiida (g), A fat.f'Uiids in Ihe conum, 1 1 
jmsiiDX mto a tactile co^uacle aboie 


skin. But in the second division of the 
animal kingdom also, the Metazoa, there 
is at first no nervous system. Its 
functions are represented by the simple 

lower Metazoa have inherited from the 
Gastrsea (Fi^ 30 e). We find this in 
the lowest Zoophv’tes— the Gastraiads, 
Physemaria, and Sponges (Figs. 235- 
238). The lowest Cnidaria (the hydroid 
polyps) also are little superior to the 
Gastrseads in structure. Hieir vegetative 
functions are accomplished by the simple 
visceral layer, and tneir animal functions 
by the simple cutaneous layer. In these 
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cases the simple cell-la}|er of the ectoderm 
is at once skin, locomotive apparatus, and 
nervous sj stem. 

When we come to the higher Metazoa, 
in which the sensory functions and their 
or^ns are more advanced, we find a 
div ision of labour among the ectodermic 
cells. Groups of sensitive nerve cells 
separate from the ordinary epidcr 
ceils : they retii ' e protected 

' tne mesodeni 

form special neural ganglia there Ev'ci 
in the Platodes, especially the Turbellana 
we find an independent nervous s}stcm 

This is the “ upper pharj ngeal ganglion,” 
or acrogangiton, situated above the gullet 
(Fig 241 g). From this rudiment.irv 
structure has been dev eloped the elaborate 
central nervous system of the higher 
In some of ' ' 

1C earth-worm, the first rudi- 
Ihe central nervou system 



Fic. i8<.— Epidennlo cells of aliuman emboooi 
two montlia. (From KblUkrr ) 


(Fig 74 fi) is a local thickening of the 
skin-sense lajer fAsJ, which afterwards 
separates altogether from the horny plate 
In the earliest Platodes I Cryptocccla ) and 
Vermalia ( Gaslrvtncha ) theacroganglion 
remains in the epidermis. But the 
medullary tube of the Vertebrate^ origi- 
nates in the same way. Our embryo- 
logy has taught us that this first structure 
of the central nervous system also 

velopes originally from the outer 
germinal layer. 

Let us now examine more closely the 
evolution of the human skin, with its 
various impendages, the hairs and 
glands. This external covering has, 
physiologically, a double and important 
part to play. It is, in the first place, the 
common integument that covers the 
whole surface of the body, and forms a 
protective — for the other orgar- 
As such it also effects a certain exchange 


natter between the body and the 
landing atmosphere (eiJialation, per- 
tion). In the second place, it is the 
1 origin • 
fanoffo ^ 

mperature of the 
the press 

of bodies tha 
The human skin (like that of all the 
higher animals) is composed of two lay 

_ - - 1 1 It skin. 

The outer skin, or epidcrmts, 

simple ectodermic cells, and contains no 

blood-vessels (Fig 28.^0, />). Ildeveloix's 

nse lajer. The underlj ing skin ( cor, 
hypodermts) consists chiefly of c 


outermost p.irietal stratum of the middle 
I germinal lajer, csr the skin-fibre l.ajcr. 
The corium is much thicker than the 
epidermis. In its deeper strata (the 
subctUis) there arc clusters of fat-cells 
(Fig 2i^ h) Its uppermost stratum (the 
cutis proper, or the p.ipill.irj stratum) 
forms, over almost the whole surface of 
the body, a number of conical micro- 
scopic j^apilla: (something like warts), 
which push into the overlying epidermis 
IcJ. These tactile or sensorj p<irticles 
contain the finest sensorj’ organs of the 
skin, the touch corpuscles Others con- 
tain merelj end-loops of the blood-vessels 
th.it nourish the skin (c,dj. The various 
parts of the corium arise hj division of 
labour from the originallj homogeneous 
cells of the cutis-plate, the outermost 
lamina of the mesodermic skin-fibre layer 
(Fig. 145 Figs. ' ^ : 

In the same waj, .ill the parts and 
aprandages of the epidermis develop by 
differentiation from the homogeneous 
cells of this horny plate (Fig 285). At an 
early stage the simple cellular laver of this 
horny plate divides into two. i'he inner 
and softer stmtum (Fig. 284 b) is known 
as the mucous stratum, the outer and 
liarder (aj as the horny (corneous) 
stratum. This horny layer is being 
constantly used up and ruhbed away at 
the surface ; new layers of cells grow up 
in their phice out of the underlying 
mucous stratum. At first the epidermis 
is a simple covering of the surface of the 
body. .Afterwards various appendages 
'evelop from it, some internally, others 
externally. The internal appendages are 
the cutaneous glands — sweat, fat, etc. 
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The external appendages are the hairs 
and nails. 

Tile cutaneous elands are originally 
merely solid cone-»iaf>ed growths of the 
epidermis, which sink into the underlying 
corium (Fig. 286 /). Afterwards a canal 
(2, j ) is formed inside them, either by 


nammals (the stem-forms of the whole 
lass) have no teats In them the milk 
«mes out through a flat portion of the 
'entral skin that is pierced like a sieve. 
IS we still find in the lowest liv ng 

_ oviparous Monotre of 

Australia. Tlie young animal licks the 

—111. r .1 .u -r 3uc|Qn- 


Is or by the secretion of flui 
^ Some of the glands, s 
the sudoriferous, do not ramify (Fig. 2 
efj^. These glands, which secrete t 
perspiration, are %cr}' long, and have 
spiral coil at the end, but they never 
ramify, so also the wax-glands of the | 
IS glands 

give out buds and ramify; thus, for 
instance, the lachrymal glands of the 
upper eye-lid that secrete tears (Fig. 286), 
and the sebaceous glands which secrete 
the fat m the skin and generally open 
into the hair-follicles. Sudoriferous and 
sebaceous glands are found only in 
mammals But we find lachrymal glands 
in all the three classes of Amniotes — 
reptiles, birds, and m.iminals. They are 
wanting in the lower, aquatic \ertebrates. 

The mammary glands (Figs. 287 and 


They secrete the milk for the feeding of 
the new-born mammal. In spite of their 
unusual size, these structures are nothing 
more than large sebaceous glands in the 
skin. The milk is formcHl by the lique- 
faction of the fatty milk-cells inside the 
branching mammary-gland tubes (Fig. 
287 r), in the same way as the skin- 
gr^sc or hair-fat, by the solution of fatty 
cells inside the sebaceous glands. The 
outlets of the mammary glands enlarge 
and form sac-like mammary ducts ( bj , 
these narrow again (a), and open in the 
teats or nipples of the breast by sixteen to 
The fir-.t 
.e gland 
epidermis. 


... In many of the lower mammals w . 
find a number of milk-glands at different 
parts of the ventral surface. In the 
human female there is usually only c 
pair of glands, at the breast ; and it 
the same with the apes, bats, elephants, 
and several other mammals. Somi 

e find successive pairs ot 



Fio >86.— Rudimentary lachrymal Blands from 
ahummn embr>o of four months (From KblUktr'S 
/ earliest structure, in the shape of a simple solid cone. 
2 and j more advanced structures, ramitj'in^ and hoW 
loaing^ out. a solid buds, e cellular coat of the hol’ow 




glands (or c 
female. Some w 

j pairs of breasts, like pigs and hedgehogs 

lorium and ] (Fig. 103). This polymastism points back 
o an older stem-form. We often find 


lobes (Fig. 288). These gradually ramify , 

the lubes. Thus is formed the prominent 
female breast ( mamma ), on the top of 
which rises the teat or nipple ( mammilla J. 
The latter is only developed later on, 
w hen the mammary gland is fully formed , 
and tills ontogenetic phenomenon is 
icly interesting, be^ui 
VOL. II. 


■y brea 

(Fig. 103 D) Sometimes, moreo\er, the 
normal mammau-y glands are fully 
dc\eloped and can suckle in the male , but 

organs withou^t functions in the male. We 
ha\e already (Chapter XI ) dealt with this 
remarkable and interesting instance of 
atavism. 

While the cutaneous glands are inner 
growths of the epidermis, the appendages 
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which we call hairs and nails are external 
lo^ (Growths in it. The nails ( Ungues) 


hairs, like the hairs of plants, are thread- 
like appendages of the surface, and differ 
entirely from the hairs of the mammals in 
the details of their structure and dcvelop- 


which «e 

lally 

instead of them; the ungulate' 

The stem-form of the mammals 
had claws ; we find them in a rudimentary 
form even in the salamander. The horny 
claws are highly developed in most of the 
reptiles (Fig. 2^, p. 245), and the mam- 
mals have inherited them from the earliest 
representatives of this class, the stem- 
reptiles (Tocosauna). Like the hoofs 



f unpula )oi the Uncnilates the naJU of 
apes and men have been evolved from the 
claws of the older mammals. In the 
human embryo the first rudiment of the 
nails is found (between the homy and the 
mucous stratum of the epidermis) in the 
fourth month But their edges do not 
penetrate through until the end of the 
sixth month. 

The most interesting and important 
appendages of the epidermis are the 
haim; on account of their pc^cullar com- 
position and origin we must regard them 
as highly characteristic of the whole 
mamrn^ian class. It is true that we also 
find hairs in many of the lower animals. 


mbryology of the haii 

views as to their phylogeny On the older 
view the hairs of tlie mammals are 
couivalent or homologous to the feathers 
of the bird or the hornv scales of the 
reptile. As we deduce ali three classes of 
Amniotes from a common stem-g^oup, we 
must assume that these I’ennian stem- 
reptiles had a complete scaly coat, 
inherited from their Carboniferous ances- 
tors, the mailed .imphibia ( Stegocephala ) , 
the bony scales of their corium were 
covered with horny scales In p-assing 
from aquatic to terrestrial life the horny 
scales were further developed, and the 
bony sc.ites degenerated in must of the 
reptiles As regards the bird's fc.Uhcrs, 
It is certain that they are modific.itions of 
the horny scales of their reptili.m 
ancestors But it is otherwise with the 
hairs of the mammals. In their c.isc the 
h<is lately been advanced on 
h of very extensive research, 
•y Friedrich Maurer, that they 
evolved from the cutaneous 
snse-organs of amphibian ancestors by 
modification of functions , the epidermic 
structure is very similar in both in its 
embryonic rudiments This modern view, 
which had the support of the greatest 
expert on the vertebrates, C.arl Gegenbaur, 
c.in be harmonised with the older theory 
to an extent, in the sense th.at both 
f ales and hairs, were very 

closely connected originally l’roh,ibly 
th ■ budding ol the skin-sense 

la p under the protection of the 

hi ■ • 

touch subsequently by the Lurnific.aion of 
I the hairs; many lia'irs are still sensory 
organs (tactile hairs on the muzzle and 
cheeks of many mammals : pubic hairs). 

This middle position of the genetic con- 
nection of scales and hairs was advanced 
in my Systematic Phytogeny of the Verte- 
brates (p. 433) It IS confirmed by the 
similar arrangement of the two cuta- 
neous formations Ks Maurer pointed 
out, the hairs, as well .is the cutaneous 
sense-organs and the scales, are at first 
arranged in regular longitudinal senes, 
and they afterwards break into alternate 
groups. In the embryo of a bear two 
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inches longf, which I owe to the kind- 
j of Herr von Schmertzing (of Arva 
Varallia, Hungary), the back is covered 
with sixteen to twenty alternating longi- 
tudinal rows of scaly protuberances (Fig 
289) They are at the same time arranged 
in regular transverse rows, which con- 
verge at an acute angle from both sides 
towards the middle of the back. The 
tip of the scale-hke wart is turned in- 
wards. Between these larger hard scales 
(or j^roups of hairs) we find numbers of 
rudimentary smaller hairs. 

The human embryo is, as a rule, en- 
tirely clothed with a thick coat of fine 
iring the last three or four weeks 
of gestation This embryonic woollen 
co.it (Ijinngo) generally 'disappears in 
p.irt during the l.ist weeks of fiEt.il life, 
but in any case, as a rule, it is lost imme- 
r birth, and is replaced by th 
tmnner coat of the pern mt hair 
These permanent hairs row out of hair- 
folliclcs, which .ire forn d from the root- 
sheaths of the dis,ippe 'ing wool-fibres. 
The embryonic wool-co.il u ually, in the 
case of the human embry 1, covers the 
whole body, with the exo ption of the 
ixilms of the hand' and soles of the feet 
The' ptirts are always bare, as in the 
case of apes and of most other mammals 
Sometimes the wool-coat of the embrvo 
has a striking cfiect, by its colour, on the 
later permanent hair-co<it Hence it 
happens occasioiirilly, for instance, among 
our Indo-Germamc r.ices, that children of 
blond parents seem — to the dism.iy of the 
latter — to be covered .at birth with .1 d.irk 
brow nor even a bl.ick woolly co.it. Not 
until this has disappe.ired do we sec the 
perm.incnt blond hair which the child 
h.is inherited Sometimes the daiker 
co.U rem.tins for weeks, and even months, 
after birth. This rem.irkable woolly coat 
of the human embryo is a legacy from the 
apes, our .incient long-hair^ .incestors. 

It is not less notew orthy th.at many of 
the higher .ipes appro,ach man m 'the 
thinness of the hair on various p.arts of 
the body With most of the apes, espe- 
cially the higher Catarrhincs (or narrow- 
nosed apes), the face is mostly , or entirely , 
b.are, or at le.ist it has hair no longer or 
thicker than that of m.an In their case, 
too, the b,ick of the head is iisu.ally pro- 
vided with .1 thicker growth of hair; this 
is kicking, however, m the case of the 
bald-head^ chimpanzee (Anthropithecus 
cahms). The males of many sp^es of 
apes have a considerable bmrd on the 


cheeks and chin ; this sign of the mascu- 
line sex has been a^uired by sexual 
selection. Many species of apes have a 
very thin covering of hair on the breast 
and the upper side of the limbs— much 
thinner than on the back or the under 
side of the limbs. On the other hand, we 
are often astonished to find tufts of hair 
on the shoulders, back, and extremities 
of members of our Indo-Germanic and 
of the Semitic races Exceptional hair 
on the face, as on the whole body, is 
hereditary in certain families of hmry 
men. The quantity and the quality of 
the hair on head and chin are also con- 
spicuously transmitted in families. The 
extraordinary variations in the total at 
partial hairy co.it of the body, which a 
so noticeable, not only in companr 



Tic iSS —M ammary aland of a new-born 
Infant a rcntraT (jland b kmall 

budit of Bamc (t rom iMugrr ) 


dilferent races of men, but also in com- 
p.iring different families of the same 
nice, can only be explained on the ^ 
sumption th.it' in man the hairy coat is, 
on the whole, a rudimentary organ, a 
useless inheritance from the more thickly- 
coated apes In this man resembles the 
elephant, rhinoceros, hippoiwtamus, 
whale, and other mammals of various 
orders, which h.^ve also, almost entirely 
or for the most part, lost their hairy coats 
by' adaptation 

The particular process of adaptation by 
which man lost the growth of hair on 
most parts of his body, and retained or 
augmented it at some points, was most 
probably sexual selection _ As Darwin 
luminously showed in his Descent _ of 
Man, sexual selection has been very active 
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in this respect. As the male anthropoid i poid apes — gorilla, chimpanzee, orang, 
apes chose the Females with the least hair, and several species of gibbons — besides 
and the females favoured the males with ' man (Figs. 303, 207). In other species 
the finest growths on chin and head, the I of gibbon the hairs nru pointed towards 
nneral coating of the body gradually ' the hand both in the upper and lower 
degenerated, and the hair of the beard : arm, as in the rest of the mammals We 
and head was more strongly developed. | can easily explain this remarkable pccu- 
The growth of hair at other parts of the liarity of the anthropoids and man on the 
body (arm-pit, pubic region) was also theory that our common ancestors were 
probably due to sexual sdection. More- accustomed (as the anthropoid apes are 
over, cHanges of climate, or liabits, and ' to-day ) to place their hands over their 
other adaptations unknown to us, may heads, or across a branch above their 



Flo. <89.— Embryo of a boar f c/nu ar tn), twice natural nzc A Kcn from ventral aide. B froin the left 

have assisted the disappearance of the heads, during rain. In this position, the 
hairv coat. ' fact that the hairs point downw^ds helps 

"rte fact that our coat of hair is in- the rain to run off. Thus the direction of 
herited directly from the anthropoid apes the hair on the lower part of our arm 
is proved in an interesting way, accordtnj' , reminds us to-day of tliat useful custom of 
to Elarwin, by the direction of the rudi- our anthropoid ancestors, 
mentary hairs on our arms, which cannot The nervous system in man and all the 
be explained in any other way. Both on other Vertebrates is, when fully formed, 
the upper and the lower part of the arm I an extremely complex apparatus, that we 
they point towards the elbow. Here they [ may compare, in anatomic strvicture apd 
meet at an obtuse angle. This curious physiological function, with m extensive 
arrangement is found only in the anthro - 1 telegraphic system. The chief station of 
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the system is the central marrow or 
central nervous system, the innumerable 
ganglionic cells or neurona (Fig- 9) of 
which are connected by branching pro- 
cesses with each other and with numbers 
of very fine conducting wires. The latter 
are the peripheral and ubiquitous nerve- 
fibres ; with their terminal apparatus, the 
sense-organs, etc , they constitute the 
conducting marrow or peripheral nervous 
system, ^me of them — the sensory 
nerve-fibres — conduct the impressions 
from the skin and other sense-organs to 
the central marrow j others— the motor 
nerve-fibres — convey the commands of the 
will to the muscles. 

Tlie central nervous system or central 
marrow ( medulla cen/mlu ) is the real 
organ of psychic action in the narrower 
sense. However we conceive the intimate 
connection of this organ and its functiens, 

which we call sensation, w. 
are inseparably dependent 
development of tne mat 
man and all the higher 


give us most important information re- 
garding the nature of the “ soul,” it should 
be full of interest. If the centnil inarrow 
developes in just the same way in the 
human embrjo as in the embr)o of the 
other mammals, the evolution of the 
human psychic organ from the ccntr.il 

them from the lower vertebrates, must 
beyond question. No one can doubt t 
momentous bearing of these embr>or..^ 
phenomena. 

I order to understand them fully we 
jst first say a word or two of the get 
m .and the anatomic composition o ..... 
iturc human central marrow Like 
the centnil nervous system of all t 
other Craniotes, it consists of two parts, 
the head-marrow or brain ( medulla capihs 


the first lumbar vertebra) below (Fig. 
291). At the cervical bulb the strong 
nerves of the upper limbs, and at the 
lumbar bulb those of the lower limbs, 
proceed from the spinal cord. Above, the 
latter passes into the brain through the 
medulla oblongata (Fig. 391 mo). The 
spinal cord seems to be a thick mass of 
ne^ous matter, but it has a narrow canal 
at its axis, which passes into the further 




>90.— Human embryo, thr^- . 

1 Mze, from the doraal nde • brain 


ipowd (Fi 
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ram AUl/iter) h cereb 
^ tn corpora quadnxcmi 
(1 (hind Win) • under tl . 
lUa oblongata (after brain 




Fio >91 —Central marrow of a human embryo, 
four months old, natural aitc, from the back. ^From 
A'dUtirr) h large hcmispherai, v quadngemina, c 
cerebellum, mo medulla oblongata underneath it the 


spinal cord. 


or encephalon J and the spinal-marrow 
C medulla spinalis or notomyelon J. The 
one is enclosed in the bony skull, the 
other in the bony vertebral column. 
Twelve pairs of cerebral nerves proceed 
from the bra' ' ' ' ' 


cerebral ventricles above, and is filled, 
like these, with a clear fluid. 

The brain is a large 1 
ling the greater part of the skull, of 
t elaborate structure. On general 


spinal nerves . , examination it divides into two parts, the 

rest of the body (Fig. 171). On gi cerebrum and cerebellum. Thccerebrum 

-natomic investigation the spinal ir lies in front and above, and has the 

1 found to be a cylindrical cord, ' familiar characteristic convolutions and 

lib both in the regioi furrows on its surface (Figs. 292, 293). 
B (at the last the upper side it is divided by a deep 

vertebra) and the re^on of the loins (at longitudinal fissure into two halves. 
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cerebral hemispheres ; these are connected 
by the corpus callosum. The lar(^ 
cerebrum is separated from the small 
cerebellum by a deep transverse furrow. 
Tlie latter lies behind and lielow, and 
has also numbers of furrows, but much 
finer and more regular, with convolutions 
between, at its surface. The cerebellum 
also is di\ided b\ a longitudinal fissure 
into two halves, the “small hemispheres”; 
these are connected b\ a w orm-sh.ipcd 
piece, the XH-rmis ccrrhclh, above, and by 
the broad pons Varolii below (Fig 292 

r/.). 

But comparativ e anatom} and ontogenv 
teach us that in man and all the other 



Craniotes the brain is at first composed, 
not of these two, but of three, and after- 
wards five, consecutive parts. These are 
found in just the same form — as five con- 
secutive vesicles — in the embrvo of all the 
Craniotes, from thcC)clostomaand fishes 
to man. But, however much thc> agree 
in their rudimentary condition, they diifcr 
considerably afterwards. In man and 
the higher nuammals the first of these 
ventricles, the cerebrum, grow s so much 
that in its mature condition it is by far 
the largest and heaviest part of the brain. 
To it belong not only the large hemi- 
spheres, but also the corpus callosum 
that unites them, the olfactorv lobes. 


from which the olfactory nerves start, and 
most of the structures that are found at 
the roof and bottom of the large lateral 
ventricles inside the two hemispheres, 
such as the corpora sfrtat a. On the other 
hand, the optic thalami, w hich lie between 
the latter, belong to the second division, 
which developcs from the “ intermediate 
brain”, to the same section belong the 
single third cerebr.il ventricle and the 
structures th.it arc known ns the corpora 
geniculata, the infundibulum, and the 
pineal gland Behind these rsirts we 
find, between the cerebrum ancl cerebel- 
lum, a small ganglion composed of two 
prominences, which is c<illcd the corpus 
quadn^mxnum on account of a superficial 
transverse fissure cutting across (Figs. 
290 m, 291 7>). Although this quadri- 
geminum is very insignificant in man and 
the higher mammals, it forms a special 
third section, gre.itly developed in the 
lower vertebrates, the “ middle brain.” 
The fourth section is the “ hmd-brain ” or 
little brain (cerebellum) in the narrower 
sense, with the single medi.in p.irt, the 
vermis, and the p.iir of lateral parts, 
the “small hemispheres ” (Fig 291 c). 
Finall), vve have the fifth and last section, 
the medulla ohlonf'ata (Fig 291 tno), 
which cont.iins the single fourth cerebral 
env ilv <ind the contiguous parts (pv ramids, 
ohvar} bodies, corpora restiformia). The 
medull.1 oblongata _ passes str.iight into 
the medulla spinalis (spin.il cord). The 
ii.irrovv centr.il c.inal of the spinal cord 
continues above into the quadr.ingular 
fourth cerebnii c.ivity of the medulla 
oblongata, the floor of which is the quad- 
r.ingular depression From here a narrow 
duct, c.'illed “the aqueduct of Sylvius,” 
passes through the corpus qu.adri- 
gemmum to the third cerebral ventricle, 
which lies between the two optic thal.imi; 
and this in turn is connected with the 
pairs of l.iter.'il ventricles which lie to the 
right and left in the large hemispheres. 
Thus all the cavities of the centnil nuirrow 
arc directly interconnected. All these 
parts of the brain have an infinitely com- 
plex structure in detail, but we cannot go 
into this. Although it is much more 
elaborate in man and the higher Verte- 
brates than in the low'er cl.isses, it dc- 
velopes in them all from the same rudi- 
mentarj' structure, the five simple cerebral 
vesicles of the embryonic hniin. 

But before we consider the development 
of the complicated structure of the brain 
from this simole series of vesicles, let 
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us glance for a moment at the lower 
inimals, which have no brain. Even in 
.he skull-less vertebrate, the Amphioxus, 
ive find no independent brain, as we have 
seen. The whole central marrow is 
merely a simple cylindrical cord which 
runs the length of the body, and ends 
^ually simply at both extremities — a 
filain medullary tube. All that we can 
Jiscover is a small vesicular bulb at the 
foremost part of the tube, a degenerate 
rudiment of a primitive brain. We meet 
he same simple medullary tube in the 
Irst structure of the ascidia larva, in 
he same characteristic position, above 
he chorda On closer examination we 
Hud here also a small vesicular swelling 
U the fore end of the tube, the 
irst trace of a differentiation 
)f It into br.iin and spinal 
:ord. It is probable that 
his differentiation was more 
idvanced in the extinct I’ro- 
rertebrates, and the brain- 
julb more pronounced (Figs. 

)8-io2). The brain is phylo- 
Tvnetic,illy older than the 
>pinal aird, as the trunk was 
lot developed until after the 
lead If we consider the 
undeniable affinity of the 
^scidi.e to the V'erm.ili.a, and 
•emciiiber that we can tr.ace 
ill the Chordonia to lower 
Fermalia, it seems probable 
hat thesimple central marrow 
jf the former is equivalent to 
the simple nervous ganglion, 
winch lies above the gullet 
in the lower worms, and has 
ong been known as the 
‘ upper phar) ngeal ganglion ” 

'gan^hon pharyngeum supe- 
nus J,- it would be better to call it the 
primitive or vertical brain (acroganglion). 

Probably this upper phaiyngeal gang- 
ion of the lower worms is the structure 
rom which the complex central marrow 
jf the higher animals has been evolved, 
rhe medullary tube of the Chordoma has 
seen formed by the lengthening of the 
vertical brain on the dorsal side. In all 
he other animals the central nervous 
system has been developed in a totally 
lifferent w.ay from the upper pharyngeal 
ganglion ; in the Articul.ites, especially, 
i ph.irv’ngeal ring, with v'entrid marrow, 
las been added. The Molluscs also have 
1 pharyngeal ring, but it is not found in 
Jis Vertebrates. In these the central 


marrow has lieen prolonged down the 
dorsal side , in the Articulates down 
the ventral side. Tliis fact proves of 


lates. The unfortunate attempts to 
derive the dorsal marrow of the former 
from the ventral marrow of the latter 
have totally failed (cf. p. 219). 

When we examine the embryology of 
the human nervous system, we must start 
from the important fact, which we have 
already seen, that the first structure of it 
in man and all the higher Vertebrates is 
the simple medullary tube, and that this 
separates from the outer germinal layer 
in the middle line of the so’e-shaned 
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embryonic shield. As the reader will 
remember, the straight medullary furrow 
first appears in the middle of the sandal- 
shaped embrvonlc shield. At each side 
of it the parallel borders curve over in the 
form of dorsal or medullary swellings. 
These bend together with their free 
borders, and thus form the closed medul- 
lary tube (Figs. 133-X37). At first this 
tube lies directly underneath the homy 
plate ; but it afterwards travels inwards, 
the upper edges of the pro vertebral plates 
growing together between the homy 

C ate and the tube, joining abov'e the 
tier, and forming a completely closed 
canal. As Gegenbaur very properly 
olraerves, “ this gradual imbedding in tfa« 
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inner part of the body is a process 
acquired wth the proffressive differentia- 
tion and the higher potentiality that this 
secures ; by this process the organ of 
greater \-alue to the organism is buried 
within the frame ” (Cf, Figs. 143-146). 

In the C\clostoina — a stage above the 
Acrania — the fore end of the cslindrical 
medullary tube begins early to expand 
into a iwar-shap^ vesicle ; this is tlie 
first outline of an independent brain. In 
this way the central marrow of the 
Vertebrates di\ ides clearly into its two 
chief sections, brain and spinal cord. 
The simple vesicular form of the brain, 
which persists for some time in the 
Cyclostoma, is found also at first in all 
the higher Vertebrates (Fig. 153 hV). 
But in these it soon passes away, the one 
vesicle being di\ idea into several succes- 
sive parts by transverse constrictions. 
There are first ta'o of these constrictions, 
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dividing the brain into three consecutive 
vesicles (fore brain, middle brain, and 
hind brain, Fig 154 v, m, h). Then the 
first and third are sub.divided by fresh 
constrictions, and thus we get five suc- 
cessive sections (Fig. 155) 

In all the Craniotes, from the Cyclo- 
stoma up to man, the same parts develop 
from these five original cerebral vesicles, 
though in very different ways. The first 
vesicle, the fore brain (Fig. 1557'), forms 
by far the largest part of the cerebrum — 
namely, the large hemispheres, the olfac- 
tory lofa^, the corpora striata, the callo- 
sum, and the fornix. From tlie second vesi- 
cle, the intermediate brain (gj, ori^nate 
especially the optic thal.-imi, the other parts 
that surround the third cerebral ventricle, 
and the infundibulum and pineal gland. 
The third vesicle, the middle brain (mj, 
produces the corpora quadrigemina and 


the aqueduct of Svivius. From the fourth 
vesicle, the hind brain Ch), developes the 
greater part of the cerebellum — namely, 
the tifrmisand the two small hemispheres. 
Finally, the fifih vesicle, the after brain 
("hJ, forms the medulla oblongata, with 
the quadrangular pit (the floor of the 
fourth ventricle), tne pyramids, olivary 

We must certainly regard it as a com- 
parative-anatomical and ontogenetic fact 
of the greatest significance that in all the 
Craniotes, from the lowest Cyclostomes 
and fishes up to the npes .'ind man, the 
brain developes in just the same way in 
the embryo The first rudiment of it is 
ahvavs a simple vesicular enlargement of 
the fore end of the medulla^ tube. In 
every case, first three, then five, vesicles 
develop from this bulb, and the perma- 
nent brain w ith all its complex anatomic 
structures, of so great a variety in the 
various classes of vertebrates, is formed 
from the five primitive v'osicles. When 
we compare the mature brain of a fish, an 
amphibian, a reptile, a bird, and a 
m.tmmal, it seems incredible that we can 
trace the various ptirts of these organs, 
th4it differ so much intcrn.'illv and exter- 
nally, to common types. Vet all these 
different Cranlote brains have started 
with the same rudimentary structure. 
To convince ourselves of this we have 
only to compare the corresponding stages 
of development of the embryos of these 
different animals. 

This comparison is extremely instruc- 
tive. If «e extend it through the whole 
series of the Craniotes, we soon discover 
this interesting fact : In the Cyclostomes 
(the Myxinoida and Petromvzonta), which 
we have recognised as the lowest and 
earliest Craniotes, the whole brain remains 
throughout life at a very low stage, which 
IS very brief and passing in the embryos 
of the higher Craniotes ; they retain the 
five ori^nal sections of the brain un- 
changed. In the fishes we find an 
essential and considerable modification of 
the five vesicles ; it is clearly the brain of 
the Selachii in the first place, and sub- 
sequently the brain of the Ganoids, from 
which the brain of the rest of the fishes 
on the one hand and of the Dipneusts and 
Amphibia, and through these of the higher 
Vertebrates, on the other hand, must 
derived. In the fishes and Amphibia 
(Fig. 300) there is a preponderant de- 
velopment of the middle brain, and also 
the after brain, the first, second, and 
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fourth sections remaining very primitive. 
It is just the reverse in the higher Verte- 
brates, in which the first and third 
sections, the cerebrum and cerebellum, 
are exceptionally developed ; while the 





middle brain and after brain remain 
small. The corpora quadrigemina are 
mostly covered by the cerebrum, and the 
oblongata by the cerebellum. But we 
find a number of stages of development 
within the higher Vertebrates themselves 
From the Amphibia upwards the brain 
(and with it the pychic life) developes 
in two different directions ; one of these 
is followed by the reptiles and birds, 
and the other by the mammals. The 
development of the first section, the fore 
brain, is particularly characteristic of the 
mammals. It is only in them that the 
cerebrum becomes so large as to cover all 
the other parts of the brain (Figs, aqj, 
301-304). 

Tliere are also notable variations in the 
relative position of the cerebral vesicles. 
In the lower Craniotes they he originally 
almost in the same plane. When we 
examine the brain laterally, we can cut 
through all five vesicles with a straight 
line. But in the Amniotes there is a con- 
siderable curve in the brain along with 
the bending of the head and neck ; the 
whole of the upper dorsal surface of tbe 


*17 


brain developes much more than the 
under ventral surface. This causes a 
curve, so that the parts come to lie as 
follows : The fore brain is nght in front 
and below, the intermediate brain a little 
higher, and the middle brain highest of 
all; the hind brain lies a little lower, and 
the after brain lower stilL We find this 
only in the Amniotes— the reptiles, birds, 
and mammals. 

Thus, while the brain of the mammals 
agrees a good deal in general growth 
with that of the birds and reptiles, there 
are some striking differences between 
the two. In the Sauropsids (birds and 
reptiles) the middle brain and the middle 
part of the hind brain are well developed. 
In the mammals these parts do not grow, 
and the fore-brain developes so much that 
it overlies the other vesicles. As it con- 
tinues to grow towards the rear, it at last 
covers the whole of the rest of the brain, 
and also encloses the middle parts from 


J 



the sides (Figs. 301-303). This process 
is of great importance, because the fore 
brain is the organ of the higher psychic 
life, and in it those functions of the nerve- 
cells are discharged which we sum up ip 
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the word “ soul.” The highest achieve- 
ments of the animal bod^ — the wonderful 
manifestations of consciousness and the 
complex molecular processes of thought — 
have their seat in the fore brain. We can 
remove the large hemispheres, piece by 
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piece, from the mammal without killing 
It, and we then see how the higher func- 
tions of consciousness, thought, will, and 
sensation, are gradually destroyed, and 
ill the end completely extinguished. If 
the animal is fi^ artificially, it may be 


kept alive for a lung time, us the destruc- 
tion of the psycliic organs by no means 
involves the extinction of the faculties of 
digestion, respiration, circulation, unna- 
tion — in a word, the vegetative functions. 
It is only conscious sens.ition, voluntary 
movement, thought, and the combination 
of various higher psychic functions that 
are a^ected. 

The fore brain, the organ of these 
functions, only attains this high level of 
development in the more advanced 
Placcntals, and thus we have the simple 
explanation of the intellectual superiority 
of the higlicr mammals. The soul of 
most of the lower Placentals is not much 
above that of the reptiles, but among the 
higher Placentals we find an uninter- 
rupted gradation of mental power up to 
the apes and man. In harmony v\ ith this 
we find an astonishing variation m the 



degree of development of their fore bniin 
not only oualitativcly, but also quantita- 
tively. Tne mass and weight of the brain 
are much greater in modem mammals, 
and the differentiation of its various parts 
more important, than in their extinct 
Tertiary ancestors. Tills can be shown 
paleontogically in any particular order. 
The brains of the living ungulates arc 
(relatively to the size of the b^j) four to 
six times (in the highest groups even 
eight times) as large as those of their 
earlier Tertiary ancestors, the w'ell-pre- 
served skulls of which enable us to deter- 
mine the size and weight of the brain. 

In the lower mammals the surface of 
the cerebral hemispheres is quite smooth 
and level, as in the rabbit (Fig. 304). 
Moreover, the fore brain remains so 
small that it does not cover the mjddle 
bi^n. At a stage higher the middle 
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brain is covered, but the hind bnun 
remains free. Finally, in the .ipes and 
man, the latter also is covered by the fore 
brain. We can trace a similar (gradual 
development in the fissures and convolu- 
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lions that .ire found on tlic surface of the 
cerebrum of the lusher m.immaK (Fiffs. 
292, 293). I f we compitre di (Tcrent proups 
of m.immals^tn regard to these fissures 
and convolutions, we find th.it their de- 
velopment proceeds step h\ step 
with the advance of ment.d life. 

Of late years great attention has 
been paid to this special branch of 
cerebr.d anatomy, and very striking 
individual differences h.avo been 
detected within the limits of the 
hum.in race. In all hum.in beings 
of speci<il gifts and high intelli- 
gence the convolutions and fissures 
are much more developed th.an in 
the average man, <ind they arc more 
dev'eloped in the latter than in idiots 
and others of low mental cap.icity 
There is a simil.ir gr.aJ.ation 
among tlie mamin.ds in the internal 
structure of the fore brain In par- 
ticular the corpus callosum, th.U 
unites the two cerebral hemispheres, 
is only developed in the Placentals. 
Other structures— for instance, in 
the lateral ventricles — that seem 
at first to be peculiar to man, 
are also found in the higher apes, 
and these alone. It was lonp thought 
that man had certain distinctive oigans 
in his cerebrum which were not found in 
any other animal. But careful examina- 


tion has discovered that this is not the 
case, but that the characteristic feature 
of the human brain are found in a rudi- 
mentary form in the lower apes, and 
are more or less fully develops in the 
higher ajjes. Huxley h^ 
convincingly shown, in his 
Man's Place in Nature 
(1863), that the differences 
in the formation of the 
brain within the ape-group 
constitute a deeper gulf 
between the lower and 
higher apes than be- 
tween the higher apes and 
man. 

The comparativeanatomy 
and physiology of the brain 
of the higher and lower 
mammals are veiy instruc- 
tive, and give important 
information in connection 
vv ith the chief questions of 
psv chology 

’The central marrow 
(brain and spinal cord) 
dev elopes from the medul- 

.... . .nan just as in all the other 

m.ammals, and the same applies to the 
conducting marrow or “ peripheral ner- 
vous system ” It consists of the sensory 
nerves, which conduct centripetally the 
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impressions from the skin and the sen^ 
organs to the central marrow, and of the 
motor nerves, which convey centrifugally 
the movements of the will from the central 
marrow to the muscles. All these 
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peripheral nervesgrowoutorthemedullaty 
tube (Fig'. 171), and are, like it, products 
of the skin-sense layer. 

The complete agreement in the struc- 
ture and development of the psychic 
organs which we find between man and 
the highest mammals, and which can 
only be explained by their common origin, 
is of profound importance in the monistic 
psychology'. This is only seen in its full 
light when we compare these morpho- 
logical facts with the corresponding 
physiological phenomena, and remember 
that every psychic action requires the 
complete and normal condition of the 
correlative brsun structure for its full and 
normal exercise. The vert complex mole- 
cular movements inside the neural cells, 
which we describe comprehensively as 
“ the life of the soul,” can no more exist 
in the vertebrate, and therefore in man, 
without their organs than the circulation 


without the heart and blood. And as the 
central marrow developes in man from 
the same medullary tube as that of the 
other vertebrates, and as man shares the 
characteristic structure of his cerebrum 
(the organ of thought) with the anthro- 
poid apes, his psychic life also must have 
the same origin as theirs. 

If we appreciate the full weight of these 
morphological and physiological facts, 
and put a proper phylogenetic interpreta- 
tion on the observations of embryology, 
we see that the older idea of the personal 
immortality of the human soul is scienti- 
fically untenable. Death puts an end, in 
man as in any other vertebrate, to the 
physiological function of the cerebral 
neurona, the countless microscopic gang- 
lionic cells, the collective activity of which 
is known as “the soul.” I have shown 
this fully in the eleventh chapter of my 
Rtddle 0/ the Unwerse. 


Chapter XXV. 

EVOLUTION OF THE SENSE4DRGANS 


The senseorgans are indubitably among 
the most important and interesting parts 
of the human body , they are the organs 
by means of which we obtain our know- 
l^geof objects in the surrounding world. 
Nuitl ett tn tntelUctu quod non pruts fuent 
in setuu. They are the first sources of 
the life of the soul. There is no other 
part of the body in which we discover 
such elaborate anatomical structures, 
co-operating with a definite purpose; and 
there is no other organ in which the 
wonderful and purposive structure seems 
so clearly to compel us to admit a Creator 
and p preconceived plan. Hence we find 
special efforts made by dualists to draw 
our attention here to the “ wisdom of the 
Creator ” and the design visible in his 
works. As a matter of fact, you will 
discover, on mature reflection, that on 
this theoiy the Creator is at bottom only 
playing the part of a clever mechanic or 
watch-maker; all these familiar teleo- 
logical idear of Creator and creation are 


based, in the long run, on a similar 
childlike anthropomorphism. 

However, we must grant tliat at the 
first glance the teleological theory seems 
to give the simplest and most satisfactory 
explanation of these purposive structures. 
If we merely examine the structure and 
functions of the most advanced sense- 
organs, it seems impossible to explain 
them without postulating a creative act. 
Yet evolution shows us quite clearly that 
this popular idea is totally wrong. With 
its assistance we discover that the pur- 
posive and remarkable sense-organs were 
developed, like all other organs, without 
any preconceived design — developed by 
the same mechanical process of natural 
selection, the same constant correlation of 
adaptation and heredity, by which the 
other purposive structures in the animal 
frame were slowly and gradually brought 
forth in the struggle for life. 

Like most other Vertebrates, man has 
six sensory organs, which serve for eight 
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different classes of sensations. The skin 
serves for sensations of pressure and 
temperature. This is the oldest, lowest, 
and va)fuest of the sense-organs ; it is 
distributed over the surface of the body. 
The other sensory activities are localised. 
The sexual sense is bound up with the skin 
of the external sexual organs, the sense 
of taste with the mucous lining of the 
mouth (ton^e and palate), and the sense 
of smell with the mucous lining of the 
nasal cav ity. _ For the two most advanced 
and most highly differentiated sensory 
functions there are special and very 
elaborate mechanical structures — the eye 
for the sense of sight, and the ear for the 
sense of hearing and space (equilibrium). 

Comparative anatomy and physiology 
teach us that there are no differentiated 
sense-organs in the lower animals ; all 
their sensations are received ^ the sur- 
face of the skin The undifferentiated 
skin-layer or ectoderm of the Gastnea is 
the simple stratum of cells from which 
me differentiated sense-organs of all the 
Metazoa (including the Vertebrates) have 
been evolved. Starting from the assump- 
tion that necessarily only the superficial 
parts of the body, which are in direct 
touch with the outer world, could be con- 
cerned in the origin of sensations, we can 
see at once that the sense-organs also 
must have arisen there. This is really 
the case. The chief part of all the sense- 
organs originates from the skin-sense 
layer, p<irtly directly from the horny 
plate, partly from the brain, the foremost 
part of the medullary tube, after it has 
separated from the homy plate. If we 
compare the embrjonic development of 
the various sense-organs, we see that 
they all make their appearance in the 
simplest conceivable form ; the wonderful 
contrivances that make the higher sense- 
organs among the most remarkable and 
elaborate structures in the body develop 
only gradually. In the phylogenetic ex- 
planation of them comparative anatomy 
and ontogeny achieve their greatest 
triumphs. But at first all the sense- 
or^ns are merely parts of the skin in 
which sensory nerves expand. These 
nerves themsdves were o^inally of a 
homogeneous character. The different 
functions or specific energies of the 
differentiated sense-nerves were only 
gradually developed by division of labour. 
At the same time, their simple tenninal 
expansions in the skin were converted 


. The great instnictiveness of these 
historical facts in connection with the 
life of the soul is not difficult to see. The 
whole philosophy of the future will be 
transformed as soon as psychology takes 
cognisance of these genetic phenomena 
and makes them the basis of Us specula- 
tions. When we examine imparti^ly the 
manuals of psycholo^ that have been 
published by tW most distinguished specu- 
lative philosophers and are still widely 
distributed, we are astonished at the 
naiv'etd with which the authors raise their 
airy metaphysical speculations, regardless 
of the momentous embiyological facts 
that completely refute them. Yet the 
science of evolution, in conjunction with 
the great advance of the comparative 
anatomy and physiology of the sense- 
organs, provides the one sound empirical 
basis of a natural psychology. 



In respect of the terminal expansions 
of the sensory nerv'es, we can distribute 
the human sense-organs in three groups, 
which correspond to three stages of de- 
velopment. The first g^roup comprises 
those organs the nerves of which spread 
out quite simply in the free surface of the 
skin itself (organs of the sense of pres- 
sure, warmth, and sex). In the second 
group the nerves spread out in the mucous 
coat of cavdties which ^ at first depres- 
sions in or invaginations of the skin 
fergans of the sense of smell and taste). 
The third group is formed of the very 
elaborate organs, the nerves of which 
spread out in an internal vesicle, sepa- 
rated from the skin (organs of the sense 
of sight, hearing, and space). 

There is little to be said of the develop- 

nf fKjk •«HieA^%rflrsin«. WA 
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have already considered (p 268) the 
or^fan of touch and temperature in the 
skin. I need only add that in the conum 
of man and all the higher Vertebrates 
countless microscopic sense-organs de- 
velop, but the precise relation of these to 
the sensations of pressure or resistance, 
of warmth and cold, has not ^t been 
explained Organs of this kind, in or on 
which sinsory cutaneous nerves termi- 
nate, are the “ tactile corpuscles" (or the 


canal to which these parts belong (Chap- 
ter XXVII.) I will only point out for 
the present that the mucous coat of the 
tongue and palate, in which the gustatory 
nerve ends, originates from a part of the 
outer skin. As we have seen, the whole 
of the mouth-cavity is formed, not as a 
part of the gut-tube proper, but as a pit- 
like fold in the outer stein (p 139) Its 
mucous lining is therefore formed, not 
from the \isceral, but from the cutaneous 



Pacinian corpuscles) and cnd-bulbs. Wc layer, and the tnstc-cclls at the surface of 
find similar corpuscles in the organs of the tongue and palate are not products of 
the sexual sense, the male penis and the the gut-fibre layer, but of the skin-senso 
female clitoris ; they are processes of the layer. 

skin, the development of which wc will This applies also to the mucous lining 
consider later (ti^ethcr with the rest of of the ollactory organ, the nose. How- 
the sexual parts. Chapter XXIX.). The ever, the development of this organ is 
evolution of the organ of taste, the tongue much more interesting. .Although the 
and palate, will also be treated later, nose seems superficially to be simple and 
togeUiCT with that of the alimentary sin|(le, it really consists, in man and all 
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other Gnathostomes, of two complcteiv 
separated halves, the rig-ht and left cavi- 
ties. They are divided by a vertical 
partition, so that the right nostril leads 
into the right ca\ ity alone and the left 
nostril into the left cavity. They open 
internally (and separately) by the posterior 
nasal apertures into the pharynx, so that 
we can get direct into the gullet through 
the nasal mssages without touching the 
mouth. This is the way the air usually 
passes in respiration ; the mouth being 
closed, it goes through the nose into the 
gullet, and through the larynx and 
bronchial tubes into the lungs The 
nasal cavities are separated from the 
mouth by the horizontal bony palate, to 
which IS .ittachcd behind (as a dependent 
prix:ess) the soft pal.ite with the uvula. 
In the upper and hinder parts of the nasal 
cavities the olfactory nerve, the first p.ur 
of cerebral nerves, expands in the mucous 
co,it which clothes them. The terminal 
branches of it spread partly over the 
septum (partition), partly on the side- 
walls of the internal cavities, to which are 
attached the turbinated bones These 
bones ,ire muclv more develop^ in many 
of the higher mammals than in man, but 
there are three of them in all mammals. 
The sensation of smell arises by the 
p.iss.'igc of a current of air containing 
odorous matter over the mucous lining of 
the cavities, and stimulating the olfactory 
cells of the nerve-endings. 

Man has nil the features which distin- 
guish the olfactory organ of the mammals 
from tli.it of the lower Vertebrates. In 
all csscnti.il points the human nose 
entirely resembles that of the Catarrhine 
apes, some of which have quite a human 
external nose (compare the face of the 
long-nosed apes). However, the first 
structure of the olfactory oi^an in the 
human embryo gives no indication of the 
future ample proportions of our catar- 
rhine nose. It has the form in which we 
find it permanently in the fishes — a couple 
of simple depressions in the skin at the 
outer surface of the head. We find these 
blind olfactory pits in all the fishes ; 
.sometimes they' lie near the eyes, some- 
times more forward at the point of the 
muzzle, sometimes lower down, near the 
mouth (Fig. 249). 

Tliis first rudimentary structure of the 
double nose is the same in all the Gnatho- 
stomes ; it has no connection with the 
primitive mouth. But even in a section 


begins to make its appearance, a furrow 
in the_ surface of the skin running from 
each side of the nasal pit to the nearest 
corner of the mouth. This furrow, the 
nasal groove or furrow (Fig. 305 r), is 
very important. In many of the sharks, 
such as the Scylltum, a special process of 
the frontal skin, the nasal fold or internal 
nasal process, is formed internally over 
the groove ( n, n' ). In contrast to this 
the outer edge of the furrow rises in an 
“external nasal process.” As the two 
processes meet and coalesce over the 



nasal groove in the Dipneusts and Am- 
philna, it is converted into a canal, the 
nasal canal. Henceforth we can pene- 
trate from the external pits through the 
nasal canals direct into the mouth, which 
has been formed quite independently. In 
the Dipneusts and the lower Amphibia 
the internal aperture of the nasal canals 
lies in front (liehind the lips) ; in the 
higher Amphibia it is right behind. 
Finally, in the throe higher classy of 
Vertebrates the primary mouth-cavrity is 
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palate-roof into two distinct cavities— the 
upper (secundar}') nasal cavit;^ and the 
lower (secondarj') mouth-cavity. The 
nasal ca^ty in turn is divided by^thc con- 
struction of the vertical septum into two 
hal\-cs— right and left. 

Comparative anatom}' shows us to-day, 
in the series of the double-nosed Verte- 
brates, from the fishes up to man, all the 
different stages in the development of 
the nose, which the advanced olfactory 
organ of the higher mammals has passed 
through at \anous periods in the course 
of its ph}logcny. It first appears in the 
embr}o of man and the higher Verte- 
brates, in which the double fish-nose 
persists throughout life. At an early 
stage, before there is any trace of the 
characteristic human face, a p.iir of small 
pits arc formed in the head over the 
original mouth-ca\ity; these were first 
discot ered by Baer, and rightly called the 
“olfactory pits” (Figs. 306 », 307 «). 



(uiimxA thr upper oanal rnvtt}* the latter in turn is | 
di\ided b\ thr verttcal partition (e) into two haUes 
in. nj. (From Gegmbaur ) ' 


Tliese primitive nasal pits arc quite 
separate from the rudimentary mouth, 
which also originates as a pit-like de- 
pression in the skin, in front of the blind 
fore end of the gut. Both the pair of 
nasal pits and the sir^lc mouth-pit (Fig. 
310 «) arc clothed with the horny plate. 
The original separation of the former 
from the latter is, however, presently 
abolished, a process forming amisc the 
mouth-pit — the “frontal process" (Fig. 309 
sf). Its outer edge rises to the right and 
left in the shape of two lateral processes; 
these are the inner nasal processes or 
folds (tn }. Opposite to these a parallel 
ridge is formed on either side between 
the eye and the nasal pit; these are the 
outer nasal processes (an). Thus be- 
tween the inner and outer nasal processes 
a groo\ e-like depression is formed on 
dthcr side, whicq lepds from nasal 


pit towards the mouth-pit (m); this 
groove is, as the reader will guess, the 
same nasal furrow or groove that we 
have already seen in the shark (Fig. 
305 r). As the parallel edges of the inner 
and outer nasal processes bend towards 
each other and join above the nasal 
groove, this is converted into a tube, the 
primitive nasal canal. Hence the nose of 
man wd all the other Amniotes consists 
at this embiy'onic stage of a couple of 
narrow tubes, the nasal canals, which 
lead from the outer surface of the forehead 
into the rudimentary mouth. Tlris transi- 
tory condition resembles that in which we 
find the nose permanently in the Dipneusts 
and Amphibia. 

•A cone-shaped structure, which grows 
from below towards the lower ends of the 
two nasal processes and joins with them, 

1 pfoys .an important p.art in the conversion 
' of the oiwn niasal groove into the closed 
' c<inal. Tliis is the upper^aw process 
(Figs. 306-310 o) Below the mouth-pit 
are the gilUarchcs, which arc separated 
by the gill-cicfts. The first of these gill- 
arches, and the most important for our 
purpose, which we mav call the m.ixillary 
(jaw) arch, forms the skeleton of the jaws, 
.Above at the Ivasis a small process grows 
out of this first gill-arch ; this is the upper- 
jaw process. The first gilUirch itself 
developcs a cartilage at one of its inner 
sid;s, the “ Meckel cartilage ” (named 
after its discoverer), on the outer surface 
of which the lower jaw is formed (Figs. 
306-310 »). The upper-jaw process forms 
the chief part of the skeleton of that jaw, 
the palate bone, and the pterygoid bone. 
On Its outer side is afterwards formed the 
upper-jaw bone, in the narrower sense, 
while the middle part of the skeleton of 
the upper jaw, the intermaxillary, de- 
velopes from the foremost part of the 
frontal process. 

The two upper-jaw processes are of 
great importance in the further develop- 
ment of the face. From them is formed, 
growing into the primitive mouth-cavity, 
the important horizontal partition (the 
palate) that divides the former into two 
distinct cavities. The upper cavity, into 
which the nasal canals open, now de- 
velopes into the nasal cavity, the air- 
passage and the organ of smell. The 
lower cavity forms the permanent secon- 
dary mouth (Fig. 313 «), the food-pas- 
sage and the organ of taste. Both the 
upper and lower cavities open behind 
into the gullet (pharynx). Tho han) 
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palate that senanites them is formed by skull, grrowing forwards from behind, 
the joining of two lateral halves, the The characteristic human nose is formed 
horizontal plates of the two uppcr^aw very late. Much stress is at times laid on 
processes, or the palate-plates (p). this organ as an exclusive privilege of 
When these do not, sometimes, completely man. But there are apes that have 
join in the middle, a longitudinal cleft similar noses, such as the long-nosed ape. 
remains, through which we can pene- The ev'olution of the eye is not less 
trate from the mouth stiaight into the interesting and instructive than that of 
nasal cavity. Tliis is the malformation the nose. Although this noblest of the 
known as wolfs throat.” “Hare-lip” sensory organs is one of the most 
is the lesser form of the same defect. At elaborate and purposive on account of its 
the same time as the horizontal p^ition optic perfection and remarkable structure, 
of the hard palate a vertical partition is it nevertheless developcs, without pre- 
formed by which the single nasal cavity conceived design, from a simple process 
is divided into two sections— a right and of the outer germinal layer. The fully- 
left half (Fig. 312 a, n). formed human eje is a round capsule, the 
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The double nose has now acquired the 
characteristic form that man shares with 
the other mammals. Its further develop- 
ment is easy to follow ; it consists of the 
formation of the inner and outer processes 
of the walls of the two cavities. The 
external nose is not formed until long I 
after all these essential parts of the I 
internal organ of smell. Tne first traces 
of it in tnc human embryo are found 
about the middle of the second month 
(Figs. 313-316). As can be seen in any 
human embryo during the first month, 
there is at first no trace of the external 
nose. It only developes afterwards from 
the fW3al of the primitiva 


eye-ball (Fig. 317). This lies in the bony 
cavity of the skull, surrounded by pro- 
tective fat and motor muscles. The 
greater part of it is taken up with a semi- 
fluid, transparent gelatinous sub<itance, 
the corpus mtreum. The crystalline lens 
is fitted into the anterior surface of the 
ball (Fig. 317 T), It is a lenticular, 
bi-convex, transparent body, the most 
important of the refractive media in the 
eye. Of this group ae have, besides the 
coipus vitreuni and the lens, the watery 
fluid (humor aqueus) that is found in 
front of the lens (at the letter m in Fig. 
317). These three transparent refractive 
mraia, by which the rays of light that 
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enter the ej-e are broken up and re-| 
focussed, are enclosed in a solid round 
capsule, composed of several different 
coats, something^ like the concentric 
layers of an onion. The outermost and 



thickest of these envelopes is the white 
sclerotic coat of the eve. It consists of 
tough white connective tissue. In front 
of the lens a circular, strongly-curved, 
transparent plate is fitted into the , 
sclerotic, like the glass of a watch — the 
cornea (Ij At its outer surface the 
cornea is covered with a verj thin layer 
of the epidermis , this is known as the 


vesicle) to the eye, penetrates its outer 
envelopes, and then spreads out like a net 
between the choroid and the corpus 
vitreum Between the retina and the 
choroid there is a very delicate membrane, 
which is usually (but wrongly) associated 
with the latter This is the black 
pigment-membrane (n). It consists of a 
single stratum of graceful, hexagonal, 
regularly -joined cells, full of granules of 
black colouring matter. Tins pigment 
membrane clothes, not only the inner 
surface of the choroid proper, but also the 
hind surface of its anterior muscular 
continuation, w'hich covers the edge of 
the lens m front as a circular membrane, 
and arrests the r.ivs of light .it the sides 
This IS the well-known tns of the eye 
( h ), coloured dilTerentIv in different 
individuals (blue, grey, browm, eti ); it 
forms the anterior border of tlie choroid. 
The circular opening th.it is left in tlve 
middle is the pupil, through which the 
r.iys of light penetrate into the eye. At 
the ^int where the Ins le-ives the 
anterior border of the choroid proper the 
Utter IS very thick, and forms a delicate 
crown of folds ( fr), which surrounds the 
edge of the lens with about seventy large 
and many smaller rays ( corona cilians J 
At a very early stage a couple of pear- 
shaped vesicles ilcvciop from the foremost 
part of the first ccrcbr.il vesicle in the 
embryo of man .and the other Cr.iniotcs 
(Figs. 155 rt, 297 au) These grow ths ,ire 
the primary optic vesicles. They are .it 
first directccl outw’ards and forw.’irds, but 
presently grow downward, so that, .iftcr 
the complete sepanition of the five 
cerebral vesicles, they 


conjunctiva. It goes from the cornea over he at the b.ase of the 

the inner surface of the eye-lids, the upper intermediate bniin The 

and lower folds which we draw ov'cr the inner cavities of these 

eye in closing it. .At the inner comer of pear-shaped vesicles, 

the eye we have a rudimentary organ in which soon atuiin a 

the shape of the relic of a third (inner) considerable si/c, are 

eyc-lid, which is greatly develop^, m openly connected with 

“ nictitating (w inking) membrane,” in the ventricle of the 

the low er Vertebrates (p. 32). Underneath intermediate brain by 

the upper eye-lid are the lachrymal their hollow stems, 

glands, the product of which, the They are covered exter- 16.— Faoeof 

lachrymal fluid, keeps the outer surface nally by the epidermis. a hunum embryo, 

of the eye smooth and clean. At the point where isjriit 

Immediately under the sclerotic we find this comes into direct {enm&krrt 
a very delicate, dark-red membrane, very contact w’lth the most 
rich in blood-vessels— the choroid coat— curved part of the primary optic vesicle 
and inside this the retina (o), the expan- there is a thickening (1) and alM a de- 
sion of the optic nerve ( i) The latter is prcssion ( o^ of the homy plate "(Fig- 3*8, 
the second cerebral nerve. It proceeds /J. This pit, which we may call the lens- 
frpm the optic Ihalamt (the second cerebral |nt, is converted into a closed sac, the thick- 
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trailed lens-vesicle (a, 1 ), the thick ed^res 
>f the pit joining tog^ether above it. In 
he same way m which the medullary 
tube separates from the outer {{germinal 
layer, we now see this lens-sac sever itself 
intirely from the homy plate (h), its 
source of origin. The liollow of the sac 
IS afterwards filled with the cells of its 
hick walls, and thus we get the solid 
:r\'stalline lens. This is, therefore, a 
purely epidermic structure Tc^ether 
with the lens the small underlying piece 
3f conum-plate also separates from the 
skin. 

As the lens separates from the 
irorneous plate and grows inwards, 
it ncccssimlj' hollows out the 
contiguous primary optic \esicle 
[Fig 318, /-y). This is done in 
|ust the same w.ay as the in\.igina- 
lion of the blastula, wliith gives 
rise to the gastrula in the amphi- 
jxus (Fig. 38 C-F). In both cases 
he hollowing of the closed vesicle 
on one side goes so far that at 
last the inner, folded part touches 
Ihe outer, not folded part, and the 
»ivity disappears. As in the gas- 
,rula the first part is converted 
into the entoderm and the latter 
into the ectoderm, so in the in- 
vagination of the primary optic 
vesicle the retina ( r) is formed 
from the first (inner) part, and 
he black pigment membrane 
'"if ) from the latter (outer, non- 
invaginated) part. The hollow 
stem of the primaiy optic vesicle 
IS converted into the optic nerve. 

The lens ( 1 ), which has so 
important a part in this process, 
lies at first directly on the in- 
vagin.ated part, or the retina ( r). 

But they soon separate, a new 
structure, the corpus vitreum 
(fCl), growing between them. WTiile the 
lenticular sac is being detached and is 
causing the invagination of the primary 
vptic vesicle, another invagination is 
aking place from below ; this proceeds 
Vom the superficial part of the slrin-fibre 
aver— the corium of the head. Behind 
ind under the lens a last-shaped process 
•ises from the cutis-plate (Fig 319 ^), 
10II0WS out the cup-shaped optic vesicle 
Vom below, and presses between the lens 
^t) and the retina ( i J. In this wav the 
iptic vesicle acquires the form of a hood. - 

Finally, a complete fibrous envelop^ 
lie fibrous capsule of the eye-ball, is 


formed about the secondary optic vesicle 
and its stem (the secondary optic nerve). 
It originates from the part of the head- 
plates which immediately encloses the 
eye. This fibrous envelope takes the 
form of a closed round vesicle, surround- 
ing the whole of the ball and pushing 
between the lens and the homy plate at 
its outer side. _ The round wall of the 
capsule soon divides into two different 
membranes by surface-cleavage. The 
inner membrane becomes the choroid or 
vascular coat, and in front the ciliary 
corona and iris The outer membrane is 


converted into the white protective or 
sclerotic coat— in front, the transparent 
cornea. The eye is now fomied in all its 
essential parts. The further dev elonment 
— the complicated differentiation ana com- 
position of the various parts — is a matter 
of detail. 

The chief point in this remarkable evo- 
lution of the eye is the circumstance that 
the optic nerve, the retina, and the pig- 
ment membrane originate reall> from a 
part of the brain— an outgrowth of the 
intermediate brain — while the lens, the 
chief refractive body, developes from the 
outer skin. From the skin— the homy 
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plate— also arises the delicate conjunctiva, 
which afterwards covers the outer surface 
of the eyeball. The lachrymal glands are 
ramified growths from the conjunctiva 
(Fig. 286). All these important parts of 



the ew are products of the outer germinal 
layer'. The remaining parts— the corpus 
vitreum (w ith the vascular capsule of the 
lens), the choroid (with the iris), and the 
sclerotic (with the cornea)— are formed 
from the middle germinal la3er. 

The outer protection of the et-e, the 
eye-lids, are merely folds of the skin, 
which are formed in the third month of 
human embryonic life In tlie fourth 
month the upper eye-lid reaches the lower, 
and the eje remains covered with them 
until birth As a rule, they open wide 
shortly before birth (sometimes only after 
birth). Our craniote ancestors had a 
third eye-lid, the nictitating membrane, 
which was drawn over the eje from its 
inner angle. It is still found in many of 
the Selachii and Amniotes. In the apes 
and man it has degenerated, and there is 
now only a small relic of it at the inner 
corner of the eye, the semilunar fold, a 
useless rudimentary organ (cf. p. 32). 
The apes and man have also lost the 
Harderian gland that opened under the 
nictitating membrane ; we find this in the 
rest of the mammals, and the birds, rep- 
tiles, and amphibia. 

Tlie peculiar embiyonic development of 
the vertebrate eye does not enable us to 
draw any definite conclusions as to its 
obscure phylogeny ; it is clearly ceno- 
genetic to a great extent, or obscured by 
the reduction and curtailment of its 
original features. It is probable that 
many of the earlier stages of its phyli^eny 
)iave disappeared without leaving a trace. 


It can only be said positively that the 
peculiar ontogeny of the complicated 
optic apparatus in man follows just tlie 
same laws as in all tlie other Vertebrates. 
Their eye is a part of the fore brain, which 
has grown forward towards the skin, not 
an original cutaneous sense-organ, as in 
the Invertebrates. 

The vertebrate ear resembles the eye 
and nose in many important respects, but 
is different in others, in its development. 
The auscultory organ in the fully- 
developed man is like that of the other 
mammals, and especially the apes, in the 
main features. As in them, it consists of 
two chief parts — an apparatus for conduct- 
ing sound (external and middle ear) and 
an apparatus for the sensation of sound 
(internal ear'. Tlie external car opens in 
the shell at the side of the head (Fig 
320 a). From this point the external 
passage (b), about an inch in length, 
leads into the head. Tlie inner end of it 
IS closed by the ty mpanum, a vertical, but 
not quite upright, thin membrane of an 
oval shape This tympanum separates 
the external passage from the tympanic 
cavity ( d). This is a small cavity, filled 
with air, in the temporal bone , it is con- 
nected with the mouth by a special tube. 
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This tube is rather longer, but much 
narrower, than the outer passage, let^s 
inwards obliquely from the anterior 
wall of the tympanic cavity, and opens 
in ttw throat bolow, behind tho nasal 
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openi^s. It is called the Eustachian 
tube (e); it serves to ^ualise the pres- 
sure of the air within the tympanic 
cavity and the outer atmosphere that 
enters by the external pass^e. Both 



the Eustachian tube and the tympanic 
cavity ^ lined with a thin mucous 
coat, which is a direct continuation of the 
mucous lining of the throat. Inside the 
tympanic cavity there are three small 
hones which are known (from their shape) 
as the liammer, anvil, and stirrup (Fig. 
320, / fr. A). The hammer (f) is the 
outermost, next to the tympanum. Tlic 
anvil ( g) fits between the other two, 
above and inside the hammer. Tlie 
ilirrup (h) lies inside the anvil, and 
touches with its base the outer wall of 
the internal ear, or auscultory vpsicle. 
iMl these parts of the external and middle 
sar belong to the apparatus for conduct- 
ing sound. Their chief task is to convev 
he waves of sound through the thicic 
wall of the head to the inner-lying auscul- 
ory vesicle. They are not found at all in 
he fishes. In these the waves of sound 
ire conveyed directly by the wall of the 
lead to the auscultory vesicle. 

The internal apparatus for the sensation 
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of sound, which receives the waves of 
sound from the conducting apparatus, 
consists in man and all other mammals 
of a closed auscultory vesicle filled with 
fluid and an auditory nerve, the ends of 
which expand over the wall of this vesicle. 
The vibrations of the sound-w'aves are 
conveyed Iw these media to the nerve- 
endings. In the labyrinthic water that 
fills the auscultory vesicle there are small 
stones at the points of entry of the acoustic 
nerves, which are composed of ^oups of 
microscopic calcareous crystals (otoliths). 
Tlie auscultory organ of most of the 
Invertebrates has substantially the same 
composition. It usually consists of a 
closM vesicle, filled with fluid, and con- 
taining otoliths, with the acoustic nerve 
expanding on its wall. But, while the 
auditory vesicle is usually of a simple 
round or oval shape in the Invertebrates, 
it has in the Vertebrates a special and 
curious structure, the labyrinth. This 
thin-membraned labyrinth is enclosed in 
a bony capsule of the same shape, Uie 
osseous labyrinth (Fig. 321), and this lies 
in the middle of the petrous bone of the 
skull. The labyrinth IS divided into two 
vesicles in all the Gnathostomes. The 
larger one is called the uirtculut, and 
has three arched appendages, called the 
“semi-circular canals’* fc, d, e). The 
smaller vesicle is called the saccu/us, and 
is connected with a peculiar appendage, 
with (in man and the higher mammals) 
a spiral form something like a snail’s 
shell, and therefore called the cochlea 
(= snail, b). On the thin*wall of this 
delicate labyrinth the acoustic nerve, 
which comes from the after-brain, sp-Mds 
out in most elaborate fashion. It divides 
into two main 
branches — a coch- 
lear nerve (for the 
cochlea) and a ves- 
tibular nerve (for the 
rest of thelabyrinth). 

The former seems to 
havemore to do with 
thequality, the latter 
with the quantity, of 
the acoustic sensa- 
tions. Through tlie 
cochlear nerves we 
learn the height and 
timbre, through the vestibular nerves the 
intensity, of tones. 

The first structure of this highly elabo- 
rate organ is very simple in the embryo 
of man and all the other Craniotes , it is a 
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pit-like depression in the skin. .A.t the I formed in the shape of simnle pouch-lIk 
iMick part of the head at botli sides, near involutions of the utricle ( cse and asp > 
the after brain, a small thickening of the The edges join together in the middl 
homy plate is formed at the upper end part of each fold, and separate from th 
of tl’ic second gill-cleft (Fig* 3^2 A fl). utricle, the two ends remaining in opei 
This sinks into a sort of pit, and severs connection with its envily. All th> 
from the epidermis, just as the lens of Gnathostomes have these three canal 
the eye does. In this way is formed at like man, whereas among the Cycle 
each side, directly under the homy plate stomes the lampreys have only two am 
of the back part of the head, a small the liag-lishes only one. The very coin 
vesicle filled with fluid, the primitive ple.'c structure of the cochlea, one of tin 
auscultory vesicle, or the primary laby- must elaborate and wonderful outcome^ 
rinth. As it separates from its source, of adaptation in the mammal body 
the horny plate, and presses inwards and dcvelopes originally in vciy simple fashiur 
backwards into the skull, it changes from as a flask-like projection from the saccutus 
round to pear-shaped (Figs. 322 B h<. As Hassc and Relzius h.ive pointed out 
323 o). The outer part of it is length- we find the successive ontogenetic stage* 
ened into a thin stem, which at first of its growth represented permanenlU ir 
still opens outwards by a narrow the series of the higher Vert cbr.ites t^lu 
canal. This is the labj rinthic appendage cochlea is wanting even in the Mono- 
(Fig. 322 /r). In the lower Vertebrate's treincs, and is restricted to the rest of tilt 
it dev elopes into a special cavityfilled with mammals and man. 

Tlie auditorv nerve, 

or eighth cerebral nerv e, 
exp.inds with one 
branch in the cochlea, 
and with the other in 
the remaining parts ol 
the labv rinth This 

nerve is, 'as Gegenb.iur 
has shown, the sensory 
dorsal brant h of a 
cerebro - spinal nerve, 
^ FKcau-DeveloiHMntof the ausoultory labyrinth of the chick, m the motor ventral 
Huccottive sUra fA-EL (Vertical Iranfcverfcc MctKins of the JiulL) 

JfaoKullorypits. ft autculloty vcMclefc Ir Ub>natbic appendage, c nidi- branch of Which acts 
mentar) cochleae c«> poetenor canal. c«r external canal, jv jugular vein for the mUbCles of the 
(From Seaiiur ) ^ nervHs factalis ). 

• It has thercfiire origi- 

calcarcous crystals, which remains open nated phjlogcncticnlly from .in ordin.irj 
permanently in some of the primitive | cutaneous nerve, and so is of quite difTcrent 
fishes, and opens outwards in the upper i origin from the optic and olfactory nerves, 
part of the skull. But in the mamm<tls which both represent direct outgrow ills 
the labvnnlhic appendage degenerates, of the brain In lliisrespccltlie;tu*aul- 
In these It lias onl> a phylogenetic interest tory organ is essentially dilTerent from 
as a rudimentary organ, with no actual the org.ins of sight ,ind smell The 
physiological significance. The useless acoustic nerve is formed from ectodermic 
relic of it pa.sscs through the wall of the cells of the hind brain, and dcvelopes 
petrous bone in the sliapc of a narrow from the nervous structure that appears 
canal,andiscalledthevestibularaqueduct. at its dorsal limit. On the other h.ind. 
It is only the inner and lower bulbous all the membranous, cartilaginous, 
part of the separated auscultory vesicle and osseous coverings of the labyrinth 
that devciopcs into the highly complex are formed from the mesodermic heud- 
and differentiated structure that is after- plates. 

w'ards known as the secondary labyrinth. The apparatus for conducting sound 
Tliis vesicle divides at an early stage into which we find in the external and middle 
an upper and larger and a lower and ear of mammals devciopcs quite sepa- 
smallcr section. From the one we get the ratcly from the apparatus for the sensa- 
ulrtcu/ux with the semi-circular canals; tion of sound. It is both phylogcneti- 
from the other tlie iocculus and (he cally and ontogeneticallv an independent 
cochlea (Fig. 320 e). The canals ore secondary formation, a later accession to 
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the primaiy internal ear. Nevertheless, 
its deyelopment is not less interestinf;, 
and is explained with the same ease by 
comparatixc anatomy. In all the hshes 
and in the lowest Vertebrates there is no 



special apparatus for conductinfj sound, 
no external or middle ear , they ha\e 
only a labyrinth, an internal ear, which 
lies within the skull They are without 
the tymp<inum and tympanic cavity, and 
all Its •tppend.lf'es. From manv observa- 
tions made in the last few dec<ides it 
seems that man^ of the lishes (if not all) 
cannot distinguish tones , their labyrinth 
seems to be chiefly (if not exclusively) an 
orj'an for the sense of sp<ice (or eaut- 
lihrium). If It is destroyed, the fishes 
lose their balance and fall In the 
opinion of recent phv siolo^ists this 
applies alsvi to many of the Invertebrates 
(including the ne.irer ancestors of the 
Vertebr.ites) The round vesicles which 
are considercxl to be their .luscultory 
vesicles, and which contain an otolith, 
are supposed to be merely organs of the 
sense of sp.ice (“ static vesicles or sLato- 
cysts ”). 

Tile middle ear makes its first appear- 
ance in the amphibLan class, where we 
find a tympanum, tympanic cavity, and 
Eustachian tube ; these animals, and all 
terrestrial Vertebrates, certainly have the 
faculty of hearing. All these essential 
parts of the middle ear originate from the 
first gill-cleft and its surrounding part ; 
in the Selachii this remains throughout 
life an open squirting-holc, and lies 
between the first and second gill-arch. 
In the embryo of the higher Vertebrates 
it closes up in the centre, and thus forms 


the tympanic membrane. The outlying 
remainder of the first gill-cleft is the 
rudiment of the external meatus. From 
its inner part we get the tympanic cavity, 
and, further inward still, the Eustachian 
tube. Connected with this is the develop- 
ment of the three bones of the mammal 
car from the first two gill-arches ; the 
hammer and anvil are formed from tlie 
first, the stirrup fiom the upper end of 
the second, gill-arch. 

Finally, the shell (pinn.i or concha) and 
external meatus (passage to the tym- 
panum) of the outer ear are developed in 
a very simple fashion from the skin that 
borders the external aperture of the first 
gill-cleft The shell rises in the shape of 
a circular fold of the skin, in which 
cartilage and muscles are afterwards 
formcxl (Figs. 313 and 315). This organ 
IS only found in the m.immalian class. 
It IS very rudimentary in the lowest 
section, the Monolremes. In the others 
It IS found at very different stages of 
development, and sometimes of degenera- 
tion It is degenerate in most of the 
aquatic mammals. Tlie majority of them 
hav c lost It altogether — for instance, the 
walruses and whales and most of the 
seals. On the other hand, the pinna is 



well developed in the great majority^ of 
the Marsupials and Placentals ; it receive 
and collects the waves of sound, and is 
equipped with a‘ very elaborate muscular 
apparatus, by means of which the pinna 
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can be turned freely in any direction and part of the folded border there is in man} 
its sliape be altered. It is well known men a small pointed process, which mos' 
how readily domestic animals — horses, of us do not possess. In some individual' 
cows, d(^, hares, etc. — point their ears this process is well developed. It can onlj 
and move them in different directions, be explained as the relic of the origina 
Most of the apes do the same, and our point of the ear, which has been tumet 
earlier ape ancestors were also able to inwards in consequence of the cursing o 
do it. But our later simian ancestors, the edge. If we compare the pinna o 
which we have in common with the man and the various apes in this respect, 
anthropoid apes, abandoned the use of we find that the)' present a connectec 
these muscles, and they gradually became series of degenerate structures. In thi 
rudimentary and useless. However, we common catarrhinc ancestors of tin 
possess them still (Fig. 334). In fact, anthropoids and man the degeneratior 
some men can still move their ears a set in with the folding together of thi 
little backward and forward by means of pinna. This brought about the helix o, 
the drawing and withdrawing muscles the ear, in which we find the significam 
fbsLnic); with practice this faculty can angle which represents the relic of the 
he much improved. But no man can salient point of the ear in our enrliei 
now lift up his ears by the raising simian ancestors. Here again, therefore 
muscle CaJ, or change the shape of them comparative anatomy enables us to trace 
bv the small inner muscles with certainty the human ear to the 

Tnese muscles were sery useful to our similar, but more developed, organ of the 
ancestors, but are of no consequence to low’er mammals. At the same time, 
us. This applies to most of the anthro- coin]iarative physiology sliows that it wai 
poid apes as well. a more or less useful implement in the 

We also share with the higher anthro* latter, but it is quite useless in the anthro- 
poid apes (gorilla, chimpanzee, and poids and man. The conducting of the 
orang) the characteristic form of the sound has srarcely been affected by the 
human outer ear, especially the folded loss of the pinna. We have also in this 
border, the heli.x and (he lobe. The lower the explanation of the extraordinary 
apes have pointed ears, without folded variety in the shame and size of the slicll 
border or lobe, like the other mammals of the ear in different men ; in this it 
But Darwin has shown (hat at the upper resembles other rudimentar}' oig^ons. 


Chapter XXVI. 

EVOLUTION OF THE ORGANS OF MOVEMENT 

Tub peculiar structure of the locomotive arrangement of these muscles and their 
apparatus is one of the features that are relation to the solid skeleton are different 
most distinctive of the vertebrate stem, in the Vertebrates from the Invertebrates. 
The chief part of this apparatus is In most of the lower animals, espe- 
formed, as in all the higher animals, by cially the Platodes and Vermalia, we find 
the active^ organs of movement, the that the muscles form a simple, thin 
muscles ; in consemience of their con- layer of flesh immediately underneath the 
tractility they have the power to draw up dcin. This muscular layer is very closely 
and shorten themselves. This effects connected wdth the skin itself ; it is the 
the movement of the various parts of the same in the Mollusc stem. Even in the 
body, and thus the whole body is con- large division of the Articulates, the 
vey^ from place to place. But the classes of crabs, spiders, myriapods, and 
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insects, we find a similar feature, with 
the difference that in this case the skin 
forms a solid armour— a ripd cutaneous 
skeleton made of chitine (and oAen also of 


carbonate of lime). 


Fio Thehuman 
vertebral column 

(xUnilinL' upni'ht friin 
Oio nsht rkI,.). (Fr.«T 
U Meyrr) 


This external chitine 
coat undergoes a 
\ery elaborate ar- 
ticulation both on 
the trunk and the 
limbs of the Articu- 
lates, and in conse- 
quence the muscular 
SI stem also, the con- 
tractile fibres of 
winch are attached 
inside the chitine 
tubes, IS highiv arti- 
culated. TheVerte- 
brates form a direct 
contrast to this In 
these alone a solid 
internal skeleton is 
dev eloped, of cartil- 
age or hone, to \v Inch 
the muscles are at- 
tached This bony 
skeleton is a complex 
lever app.tr.it us, or 
passive .ipp.iratus of 
movement Its rigid 
reiris, the.irms of the 
lev ers, or the bones, 
are brought together 
bv the actively mo- 
bile muscles, as if by . 
draw ing-ropes Tin’s j 
admirable lotomtv ' 


vertebral column, is ' 
.a speii.il Ic.iture of ' 
the V'ertebr.ites, and 
h.is given the name . 
to the group j 


cle.ir ide.i of the chief 
features of Ihcdcvel- 
opment of the human skeleton, we must 
first examine its composition in the .idult 
frame (Kig 325, the lium.in skeleton sc-en 
from the riglil , Fig. 326, front view of 
the whole skeleton). As in other mam- 
mals, we distinguish first between the 
axi.il or dorsal skeleton and the skeleton 
of the limbs. Tlie axi.il skeleton con- 
sists of the vertebral column (the skeleton 
tif the trunk) and the skull (skeleton of 
the he.'id); the l.itter is ji peculiarly 
modified part of tlie former. As appen- 
dages of the vertebral column we have 


the ribs, and of the skull we have the 
hyoid bone, the low’er jaw, and tlie other 
products of the gill-nrcnes. 

The skeleton of the limbs or extremities 
is composed of two groups of p.irts— the 
skeleton of the extremities proper .md the 
zone-skeleton, which connects these with 
the vertebral column. The zone-skeleton 
of the arms (or fore legs) is the shoulder- 
zone ; the zone-skeleton of the legs (or 
hind legs) is tlie pelvic zone. 

The vertebml column (Fig. 327I in 
man is composed of thirty-three to tliirtv- 
fivc ring-sh.ipeU Ixvncs "m a continuous 
scries (.ibove e.ich other, in m. in’s upright 
position) These vfrtehnr are scp.irated 
from each other by clastic Iig.amcnts, and 
!it the s.iinc time connected bv joints, so 
that the whole column forms .1 firm and 
solid, but flexible and clastic, .ixial 
skeleton, moving freely in all directions. 
The vertebra: differ in shape and connec- 
tion .It the v.tnous p.'irls of the trunk, 
.ind vve distinguish the fivllowing groups 
III the series, beginning at the top 
Seven ccrvii.il verlebr.e, twelve d0rs.1l 
vertchr.x, five lumbar vertehr.e, live s,icral 
vertebrae, .ind four to six c.iiid.il verlebr.a- 
The uppermost, or those next to the skull, 
are the cervic.il vertehr.e (Fig 327) , they 
h.ive .1 hole in e.uh of the l.itcr.il pro- 
cesses There .ire sev en of those v erlebr a.' 
in ni.in .md almost 
all the Ollier mam- ^ 

m. vls, even it the nei k 
Is «is long .as th.it 111 
the camel orgir.ilTc, 
or .Is short .is th.il 
of the mole or 
hedgehog. This 

which li.is few ex- 
ceptions (due to 

ad. ipl.itlun), is ,a 
strong proof of the 
common descent of 
the mamm.ils ; 


c.inonly beexpl.iined 
by faithful heredity 


Fkc 238.-A piece ol 


It roi(,ionli 


Hhirr) 


from a common 
stem-form, a primi- 
tive mammal with 
seven cervical verte- 
bra:. lfc.ich species 
had been created 
separately, it would h.ivc hcH:n bet let 
to have given the loiig-nei ked m.im 
mals more, and the sliorl-ncckcc 
animals less, cervical vertebns. Next Ic 
these come the dorsal (or pectoral 
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vertebra:, which number twelve to thirteen | 
(usually twelve) in man and most of the 
other mammals. Each dorsal vertebra 
(Fi^ 165) has at the side, connected by- 
joints, a couple of ribs, long bony arches 
that lie in and protect 
the wall of the chest. 
The twelve pairs of 
ribs, top^ether with the 
connecting intercostal 
muscles and the ster- 
num, which joins the 
ends of the nght and 
left ribs in front, form 
the chest ( thorax ). 
In this strong and 
clastic frame are the 
lungs, and between 
them the heart. Next 
to the dorsal \ ertebrae 
comes a short but 
stronger section of 
the column, formed 
of five large vertebrae. 
These are the lumbar 
t ertebrae (Fig 166), 
they hate no ribs and 
no holes in the trans- 
verse processes. To 
these succeeds the sacral bone, which is 
fitted between the two halves of the pelvic 
zone. The sacrum is fanned of five verte- 
bra:, completely blended together. Finally, 
we h.ive at the end a small rudimentary 
caud.il column, the coccyx. This consists 
of a varying number (usu.tlly four, more 
rarely three, or five or six) of small 
degenerated vertebra:, and is a useless 
rudimentary organ with no actu.il physio- 
logK'.il significance Morphologically, 
however, it is of great interest as an 
irrefragable proof of the descent of man 
and the anthropoids from long-tailed 
apes On no other theory can we explain 
the existence of this rudimentary' tail. 
In the earlier stages of development the 
tail of the human embryo protrudes con- 
siderably. It afterwards atrophies; but 
the relic of the atrophied cvaudal vertebra: 
and of the rudimentary muscles that once 
rnoved it remains permanently. Some- 
times, in fact, the external tail is pre- 
served. The older anatomists say that 
the t.iil is usually one vertebra longer 
in the human fem.ile than in the male 
(or four against five), Steinbuch says it 
IS the reverse. 

In the human vertebral column there 
are usually thirty-three vertebne. It is 
interesting to find, howrever, that the 


number often changes, one or two 
vertebrae dropping out or an additional 
one appearinp^ Often, also, a mobile 
rib is formed at the last cervical or the 
first lumbar vertebra, so that there are 
then thirteen dorsal vertebrae, besides six 
cervical and four lumbar. In this way the 
contiguous vertebrae of the various sec- 
tions of the column may take each other’s 

In order to understand the embryology 
of the human vertebral column we must 
first carefully consider the shape and con- 
nection of the vertebrae. Each vertebra 
has, in general, the shape of a seal-ring 
(Figs. 164-166). The thicker portion, 
which is turned towards the ventral side, 
is called the body of the vertebra, and 
forms a short osseous disk ; the thinner 
part forms a semi-circular arch, the 
vertebral arch, and is turned towards 
the back. The arches of the successive 
vertebrae are connected by thin intercrural 
ligaments in such a way that the cavity 
they collectively enclose represents a long 
canal. In this vertebral canal we find 
the trunk part of the central nervous 
system, the spinal cord. Its head part, the 
brain, is enclosed by the skull, and the 
skull itself is merely the uppermost part 
of the vertebral column, distinctively 
modified. The base or ventral side of 
the vesicular cranial capsule corresponds 
originally to a number of developed 
vertebral bodies ; its vault or dorsal 
side to their combined upper vertebral 
arches. 

While the solid, massive bodies of the 
vertebra: represent the real central axis of 



the skeleton, the dorsal arches serve to 
iwotect the central marrow they enclose. 
But similar arches develop on the ventral 
side for the protection of the viscera in 
the breast and belly. These lower or 






Fw 3.9. - nraa 

dorsal vertebn*, 

from a human embryo, 
ei|fht weeks old, la 
lateral lonptudmal 
■ection r cartdagrin- 
out vertebral body, h 
Inter-vertebral ditUct, 
ch chorda. (Fn>m 
AV/iArr) 
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form, in many of the lower Vertebrates, a 
canal in which the large blood-vessels 
are enclosed on the lower surface of the 



vertebral column (aorta and caudal vein) 
In the higher Vertebrates the majority of 
these vertebral arches are lost or become 
rudimentarj- But at the thoracic section 
of the column they develop into inde- 
pendent strong osseous arches, the ribs 
(costa) In reality the ribs are mercl> 
large and independent lower vertebral 
arches, which have lost their original 
connection w ilh the vertebral bodies 
If we turn from this anatomic survey 
of the composition of the column to the 
question of its development, I may refer 
the reader to earlier pages with regard to 
the first and most important points 
(pp. 145-148) It will be remembered 
that in the human embryo and that of 
the other vertebrates we find at first, 
instead of the segmented column, only a 
simple unarticulated cartilaginous rod 
This solid but flexible and clastic rod is 
the axial rod (or the chorda donahs'). In 
the lowest Vertebrate, the Amphioxus, it 
retains this simple form throughout life, 
and permanently r^rcsents the whole 
internal skeleton (Fig. 3io i) In the 
Tunicates, also, the nearest Invertebrate 
relatives of the Vertebrates, we meet the 
same chorda — transitorily in the passing 
larva tail of the Ascidia, permanently in 
the Copelata (Fig. 225 c). Undoubtedly 
both the Tunicates and Acrania have 
inherited the chorda from a common 
unsegmented stem-form ; and these 
mneient, long-extinct ancestors of all the 


Long before there is any trace of the 
skull, limbs, etc., in the embryo of man or 
any of the higher Vertebrates — at the 
early stage in w-hich the whole body is 
merely a sole-shaped embryonic shield — 
there appears in the middle line of the 
shield, directly under the medullary 
furrow, the simple chorda. (Cf. Figs. 
*3t-»3S It follows the long axis of 

the body in the shape of a cylindrical 
axial rod of elastic but firm composition, 
equally pointed at both ends In every 
case the chorda originates from the dorsal 
wall of the primitive gut; the cells that 
compivse it (Fig 328 h) belong to the 
entoderm (F'igs. 216-221). At an early 
stage the choi^a developes a transparent 
structureless sheath, which is secreted 
from Its cells (Fig. 328 a). This chordco- 
lemma is often called the “ inner chorda- 
sheath,” and must not be confused with 
the real external sheath, the mesoblastic 
pcrichorda. 

But this unsegmented primary axial 
skeleton is soon replaced bj the segmented 
sccondaiy axial skeleton, which we know 
as the vertebral column. The prover- 
tcbral plates (Fig. 124 s) dilTerentiate 
from the innermost, median part of the 
visceral l.ijer of the cielom-pouchcs at 
each side of the chorda .^s they grow 
round the chorda and enclose it they 
form the skeleton plate or skeletogcnctic 
l.iyer— thtit is to saj , the skeleton-forming 
stratum of cells, which provides the 
mobile foundation of the permanent 
vertebral column and skull (scleroblast). 
In the head-half of the embryo 'the 



Pn. 33>.— Human skull. 

skeletal plate remains a continuous, 
simple, undivided layer of tissue, and 
presently enlarges into a thin-walled 
capsule enclosing the brain, the primordial 
^ull. In the trunk-half the provertebral 
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plate divides into a number of homo- 
geneous, cubical, successive pieces ; these 
are the several primitive vertebra:. They 
are not numerous at first, but soon 
increase as the embryo grows longer 
(Figs. 153-155). 





Abo^e. mw thretj Utnet of the nW 
radiate from the central poir ‘ 
bootf , behind, thk iKnpita] b 

bone. / $ the Ncurf bone. «. 

tympanic Kme. / lateral part, h bulla, 
cun^orm boiu., k(<. ‘ 


In all the Cramotes the soft, indifferent I 
cells of the mesoderm, which originally j 
compose the skeletal plate, are afterwards 
converted for the most part into carti- 
laginous cells, and these secrete a 
firm and clastic intercellular substance 
between them, and form cartilaginous 
tissue. Like most of the other parts of 
the skeleton, the membranous rudiments 
of the vertebrae soon pass into a carti- 
laginous state, and in the higher Verte- 
brates this is afterwards replaced by the 
hard osseous tissue with its character- 
istic stellate cells (Fig. 6). The primary 
axial skeleton remains a simple chorda 
throughout life in the .Acrania, the Cyclo- 
stomes, and the lowest fishes. In most 
of the other Vertebrates the chorda is 
more or less replaced by the cartilaginous 
tissue of the seconda^ perichorda that 
grows round it In the lower Craniotes 
(esproially the fishes) a more or less 
considerable part of the chorda ts pre- 
served in the bodies of the vertebra:. In 
the manupals it disappears for the most 


part. By the end of the second month in 
the human embn’O the chorda is merely 
a slender thread, running through the 
axis of the thick, cartilaginous vertebral 
column (Figs. 182 cA, 329 di). In the 
cartilaginous vertebral b^ies themselves, 
which afterwards ossify, the 
slender remnant of the chorda 
presently disappears (Fig. 330 
cK). But in the elastic inter- 
vertebral disks, which develop 
from the skeletal plate between 
each pair of vertebral bodies 
(Fig. 329 /t), a relic of tho 
chorda remains permanently. 
In the new-born child there 
is a large pear-shaped cavity 
in cadi intervertebral disk, 
filled with a gelatinous mass 
of cells (Fig. 331 a). Though 
less sharply defined, this gela- 
tinous nucleus of the elastic 
cartilaginous disks persists 
throughout life in the mam- 
mals, but in the birds and most 
reptiles the last trace of the 
chorda disappears. In the 
subsequent ossification of the 
caijilagmous vertebra the first 
de^sit of bony matter (“ first 
osseous nucleus ’’) takes place 
rmubone,/ m the vertebral body immedi- 
r*e wloa of ately round the remainder of 
the chorda, and soon displaces 
It altogether. Then there is 
a special osseous nucleus formed in each 



a. 334 -Head-skeleton of a uphniUve flsh. « 

«>l pit. efk cTibnlonn bone region, ari orbit ot eje, 
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i-e .kull. rv vertebral column, a fore, 4c Knd- 




I Ci‘j>m6amr ) 


half of the vertebral arch. The ossifica- 
tion does not reach the point at which 
the three nuclei are joined until after 
birth. In the first year the two osseous 
halves of the arches unite ; but it is much 
later — in the second to the eighth year — 
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that they connect with the osseous 
vertebral bodies. 

The bony skull ( cranium ), the head- 
part of the secondary axial skeleton, 
developes in just the same way as the 
vertebral column. The skull forms a i 
bony envelope for the brain, just as the 
vertebral canal does for the spinal cord ; 
and as the brain is only a peculiarly 
differentiated part of the head, while the 
spinal cord represents the longer trunk- 
section of the originally homogeneous 
medullary tube, we shall expect to find 


vault above._ The other thirteen boney 
form the facial skull, which is especialls 
the bony envelope of the higher sense- 
onfans, and at the same time encloses 
the entrant of the alimentaty* canal. 
The lower jaw is articulated at the base 
of the skull (usually regarded as the XXL 
cranial bone). Behind the lower jaw we 
find the hyoid bone at the root of the 
ton^e, also formed from the gill-arches, 
and a part of the lower arches that have 
developed as “ head-ribs” from the ventral 
side of the base of the cranium. 



Fici 1 
■enraof t 

, P'U 3J7 —Skeleton of the breut-fln of an early Selaohlus (.Uanihiat^ The radn of the medun 
fin-horJer f //J hn\ e diMi{ipL.ircd for the ino»t part ; m few on)\ (Xj arc left. A*. X, ladu of the lateral fin-border. 
ni met.tpUT) itium, tns ines,tptur> tc»>in. fi proptcr> gium. (From Gejip'iidaer ) 

Fin 3j8.— Skeleton of the breast-flin of a young Selachlua The radu of the median fin-border hate 
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that the os.seous coat of the one is a j Although the fulIy-de\cIop^ skull of 
spcct.il modification of the osseous, the higher Vertebrates, with its peculiar 
envelope of the other. When we ' shape, its enorr.ious size, and its complex 
cx.imino the adult human skull in itself, composition, s.%itis to have nothing in 
332), It >s difficult to conceive how ; common with the ordinary vertebrae. 
It can be merely the modified fore part of ; nevertheless even the older comparative 
the vertebr.il column. It is an elaborate ' anatomists came to recognise at the end 
and extensive bony structure, coinposed j of the eighteenth century tliat it is really 
of no less than twenty bones of different i nothing else originally than a senes pf 
shapes and sizes. Seven of them form I modified vertebrae. When Goethe in 
tile spacious shell that surrounds the ' 1^90 “ picked up the skull of a slain 
bniin, in which we distinguish the solid I victim from the sand of the Jewish 
ventral base below and tlic curved dorsal ^ cemetery at Venice, he noticed at once 
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that the bones of the face also could be 
traced to vertebrae (like the three hind- 
most cranial vertebrae).” And when 
Oken (without knowing^ anything^ of 
Goethe’s discovery) found at llenstein 
“a fine bleached skull of a hind, the 
thought flashed across him like light- 
ning ; ‘ It is a vertebral column.”’ 

This famous vertebral theory of the 
skull has interested the most distin- 
guished zoologists for more than a 
century: the chief representatives of 
comparative anatomy have devoted their 
highest powers to the solution of the 
problem, and the interest has spread far 


mammal skull, and had compared the 
several bones that compose it with the 
several parts of the vertebra (Fig. 331) ; 
they thought they could prove in this 
way that the fully-formed mammal 
skull was made of from three to six 
vertebrm. 

The older theory was refuted by 
simple rand obvious facts, which were 
first pointed out by Huxley. Neverthe- 
less, the fundamental idea of it — the 
belief that the skull is formed from 
the head-part of the perichordal axial 
skeleton, just as the brain is from the 
simple m^ullary tube, by diflerentUtion 



beyond their circle. But it was not until 1 
187Z that it was happilv solved, after I 
seven years’ labour, by the comparative I 
anatomist who surpass^ all other experts J 
of this science in the second half of the 
nineteenth century by the richness of his 
empirical knowledge and the acuteness 
and depth of his philosophic speculations. 
Carl Gegenbaur has show n, in his classic 
S/udifs of the Comparatvoe Anatomy <f\ 
the Vertebrates (third section), that we ' 
find the most solid foundation for the 
vertebral theory of the skull in the 
head-skeleton of the Selachii. Earlier 
anatomists had wrongly started from the 


and modification— remained. The work 
now Vkds to discover the proper way of 
supplying this philosophic theory with an 
empirical foundation, and it was reserved 
for Gegenbaur to achieve this. He first 
opened out the phylogenetic path which 
here, as in all morphological questions, 
leads most confidently to the goal. He 
showed that the primitive fishes (Figs. 
349-251), the ancestors of all the Gnatho- 
stomes, still preserve permanently in the 
form of their skull the structure out of 
which the transformed skull of the higher 
Vertebrates, including man, has been 
evolved. He further showed that the 
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sranchial arches of the Selachii prove 
hat their skull originally consisted of a 
arpe number of ^t least nine or ten) 
wovertebrae, and that the cerebral nerves 
hat proceed from the base of the brain 
mtirely confirm this. These cerebral 
lerves are (with the exception of the first 
ind second pair, the olfactory and optic 
icrves) merely modifications of spinal 
lerves, and are essentially similar to 
them in their peripheral expansion. The 
comparative anatomy of these cerebral 
nerves, their origin and their expansion, 
furnishes one of the strongest arguments 
ibr the new vertebral theory of the skull. 

We have not space here to go into the 
Jetails of Gegenbaur’s theory of the 


each side — the primitive upper jaw (os 
^ato-^uadratum, o) and the primitive 
lower jaw (uj/ IV, the hyaloid bone 
(II) : finally, V-X, six branchial arches 
in the narrower sense (III-VIII). 
From the anatomic features of these 
nine to ten cranial ribs or “ lower verte- 
bral arches ” and the cranial nerves that 
spread over them, it is clear that the 
apparently simple cartilaginous primitive 
skull of the Selachii was orifpnally 
fonned from so many (at least nin^ 
somites or provertebrae. The blending of 
these primitive segments into a single 
capsule is, however, so ancient that, in 
virtue of the law of curtailed heredity, the 
original division seems to have dis- 




Fio 342.— Skeleton of the hmnd or fore foot of »« /nun. HI pig. IV ox. rtnpir. 

1 1 home r rodiun, a ulna, a acaphoulcuni, i lunare, c tnauctnim, d trapezium, r trapezoid. /' capitatuin, 
f bamatum, /» piaiformi. / thumb, aindez finfrer, J middle SnsET, f -me hnser. j little finger (From Gtgtnbmur ) 


skull. I must be content to refer the 1 
reader to the great work 1 have men- I 
tioned, in which it is thoroughly estab- 
lished from the cmpirico-philosophical 
point of i iew. He has also given a com- | 
prehensive and up-to-date treatment of, 
the subject in his Comparattve Anatomy 
of the Vertebrates (1898). Ge^nbaur , 
indicates as original “ cranial ribs,” or 
“ lower arches of the crani.il vertebrae,” 
at each side of the head of the Selachii 
(••''e- 334). the following pairs of arches : 
/ and II, two lip-cartilages, the anterior 
(a) of which is composed of an upper 
piece only, the postenor (be) from an 
upper and lower piece ; III, the maxillary 
arches, also consisting 'of two pieces on 
VOL. 11. 


appeared; in the embryonic development 
it IS very difficult to detect it in i^lated 
traces, and in some respects quite impos- 
sible. It is claimed that several (three to 
six) traces of provertebrse have been dis- 
coved in the anterior (pre-chordal) part of 
the Selachii-skull ; this would bring up 
the number of cranial somites to twelve 
or sixteen, or even more. 

In the primitive skull of man (Fig. 323) 
and the higher Vertebrates, whi^ has 
been evolved from that of the Seladiii, 
five consecutive sections are discoverable 
at a certain early period of development, 
and one might be induced to trace these 
to five primitive vertebrse ; but ^these 
sections are due entirely to adaptation to 





EVOLUTION OF THE ORGANS OF MOVEMENT 


303 


the five primitive cerebral vesicles, and 
correspond, like these, to a larjre number 
of mctamera. That we have in the 
primitive skull of the mammals a greatly 
modified and transformed or^an, and not 
at all a primitive formation, is clear from 
the circumstance that its original soft 
membranous form only assumes the 
cartilaginous character ftjr the most part 
at the base and the sides, and remains 
membranous at the roof. At this part the 
bones of the subsequent osseous skull 
develop as external coverings over the 
membranous structure, without an inter- 
mediate cartilaginous stage, as there is at 
the base of the skull. Thus a large part 
of the cranial bones develop originally as 
covering bones from the conum, and only 
secondarily come into close touch with 
the jvrimitive skull (Fig. 333). We have 
prcviouslj seen how this very rudimentary 
beginning of the skull in man is formed 
untc^enetically from the “head-plates,” 
and thus the fore end of the chorda is 
enclosed in the base of the skull. (Cf. 
Fig r4S and pp. 138, 144, and 149.) 

The ph>logcny of the skull has made 
great progress during the last three 
decades through the joint attainments 
of cunip.irative anatomy, ontogeny, and 
p.ileontulogy. By the judicious and 
comprehensive application of the phjlo- 
gcnetit method '111 the sense of Gegenbaur) 
we have found the kev to the great and 
important problems that arise from the 
thorough comparative study of the skull. 
Another school of research, the school of 


what is c.illed “ exact cr.iniology ” (in the 
sense of Virchow), has, meantime, made 
fruitless cflTorts to obtain this result. We 
may gratefully acknowledge all that this 
descriptive .school has done in the way of 
accurately describing the various forms 
and measurements of the human skull, as 
compared with those of other mammals. 
But the vast empirical material that it has 
accumulated in Us extensive literature is 
mere dead and sterile erudition until it is 
vivified and illumincxl by phylogenetic 
speculation. 

Virchow confined himself to the most 
careful analysis of large numbers of 
human skulls and those of anthropoid 
mammals. He saw only the diflerences 
between them, and sought to express these 
in figures. 

Without adducing a single solid reason, 
or offering any alternative explanation, he 
rejected evolution as an unproved hypo- 
thesis. He played a most unfortunate 


part in the controversy as to the si^ifi- 
cance of the fossil human skulls of Spy 
and Neanderthal, and the comparison of 
them with the skull of the Pithecanthropus 
(Fig. 283). All the interesting features of 
these skulls that clearly indicated the 
transition from the anthropoid to the man 
were declared by Virchow to be chance 
pathological variations. He said that the 
roof of the skull of Pithecanthropus (Fig. 
33S. 3) nsust have belonged to an ape, 
because so pronounced an orbital stricture 
(the horizontal constriction between the 
outer edge of the eye-orbit and the 
temples) is not found in any human being. 
Immediately afterwards Nehring showra 
in the skull of a Brazilian Indian (Fig. 
33Si ^). found in the Sambaquis of Sant(», 
that this stricture can be even deepier in 
man than in many of the apes. It is very 
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Fio. Transvene section of a fish’s tan 

(from tiu; tunn) t ('SmaJohaHnn Mutter) a upper 
(doraal) lateral musdeih a', V lower (ventral) lateral 
muecle*. d vertebral bodies, b sections of incomplelo 
conical mantle.^atUchmcntknesoftheinteMnusciilar 
lieuncnU (frum the side). 


instructive in this connection to compare 
the roofs of the skulls (seen from above) 
of different primates. I have, therefore, 
arranged nine such skulls in Fig. 335, and 
reduced them to a common size. 

We turn now to the branchial arches, 
which were regarded even by tbe earlier 
natural philosophers as “ heil-ribs.” (Cf. 
Fig^. 167-170). Of the four original gill- 
arches of the mammals the first lies 
between the pnmitivc mouth and the first 
gill-cleft From the base of this arch is 
formed the upper-jaw process, w'hich joins 
with the inner and outer nasal processes 
on each side, in the manner we have 
previously explained, and forms the chief 
parts of the skeleton of the upper jaw 
(palate bone, pterygoid bone, etc.) (Cf 
p. 284.) liie remainder of the first 
brancliial arch, which is now called, bg 
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way of contrast, the “ 1 
forms from its base twi 
(liammer and anvil), ani 
con\erted into a long \ 
iliHt is known, after ii 
“ Meckel’s cartilage, ”orth 
• ■ ' of the 1 

fro.11 the cellular 


of breast-fins or fore legs, and one pair of 
belly-fins or hind legs (Figs 348-359). 
The third group comprises the four higher 
classes of Vertebrates— the amphibia, 
reptiles, birds, and mammals , in these 
quadrupeds there are at first the same 
two pairs of limbs, but in •'f 

fi\e-tocd feet. Frequently 1 


■ring or accessory bone, the permanent than five toes, and sometimes the feet a 

Dony lower jaw. From the first part or wholly atrophied (s_ 

• ' ' *— • — ' the original s 


n the first part or wholly , - . 

base of the second branchial arch we get. But the original stem-fwin of the group 
n tlie mammals, the third ossicle of the had five toes or fingers before and behind 


ear, the stirrup ; and from the surceeding (Figs. 363-36^). _ ^ 

parts we get (In this order) the muscle of The true primitive form of the pairs ot 
-• ‘ ! Ibev were found 1 


j they were found i 

I primitive fishes of the Silurian period, 
IS preserved for us in the Australian 
dipneust, the remarkable Cemtoditr (Fig. 
at tne loremosi paa, ana nere me uuuy 01 *57). Both the breast-fin and ^e belly-fir 

the hyoid bone and its larger horn are are flat oval paddles, in which we find a 
formed at each side by the junction of its biserial cartil^nous skeleton (Fig. 336). 
two halves. The fourth branchial arch is TTiis consists, firstly, of a rnudi SM:iTWnted 
only found transitorily in the mammal fin-rod or “stem ’ f A, BJ, which runs 
embryo as a rudimentary organ, and does through the fin from base to tip; 
not develop special p.irt» , and there is no secondly of a double row of thin htticu- 
trace in the embryo of the higher lated fin-r^i ( r, r), which are attache 
Vertebrates of the posterior branchial , -> both sides of the J . 

arches (fifth and sixth pair), which are feathers of a feather^ leaf. This pnmi- 
permanent in the SeUchii. They have tive fin, which G^enbaur first r^ni^, 
oeen lost long ago. Moreover, the four | is attached to the vertebral column by a 
of Uie human embryo are only *— » cnmisuni 


rup, the styloU proc^ of the 


gill-clefts of Sie Kuman embryo are only ' ‘mple zone in the shape of a cartil^ii 
mteresting as rudimentary organs, and ’ probably originated from 

they soon close up and disappear. The the b ‘ ’ ' 

first alone (between the first an«l second W srf 


(tf.'Figs. i6q.'330.) *56). It is also found in modified form 

It was C.irl Gegenbaur again who in some of the actual sha^ and pikes, 
ssived the dilficult problem of tracing the But in the majority of the Selachii it has 
skeleton of the limbs of the Vertebrates already degenerat^ to ^e e.xterit that 
to a common type. Few parts of the the radii on one side of the fin-rod ha\e 
vertebrate body have undergone such beeri partly or entirely lost, and are 
infinitely varied modifications in regard to retainro only on the other (Fjg* 3371 * 
size, shape, and adaptation of structure thus get the unisenal fii., 'hich liM 
as the limbs or extremities ; yet we are in ' led from the Selachii to the 

a ]x>sition to reduce them all to the same rest of the fishes (Fig. 338). 
hereditary standard. We may generally Gegenbaur has ^own how the five 
distinguish three groups among the toed leg of the Amphibia, that has lx v 
Vertebrates in relation to the forma- .'--.i 1- 

I of their limbs. The lowest and 


earliest Vertebrates, the Acrania and 
Cyclostomes, had, like their invertebrate 
ancestors, no pairs of limbs, as we see in 
the Air^toxus and the Cyclostomes 
to-day (Figs. 310, 347) The second group 
is formed of the two classes of the true 
fishes and the Dipneusts ; here there an 
always two pairs of limbs at first, in 
the sliape of many-toed fins— one pair 


• While Gegenbaur dcrfve 
f poirfenor aqarated bfand. — - - - 
_iat they have been 

Sbn. 

■ The Umb of the four higher cli 
.MW expUtned in the »enae tha. _ . . 

tuuseii along ita outer (ulnar or fibu^) a^ and eiu 
mthc filth toe It wae fomeriy Mieved to » aj — 
the mner (radial or tibiaUaale, and and ui thulint 
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347 —Human •keleton. (Cf Figr 
, 34k— Skeleton of the Riant gorilla. (Cf. Fig m.' 
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In the dipneust ancestors of the Amphibia 
the radii gradually atrophy, and are lost, 
for the most part, on the other side of the 
(in-rod as well (the lighter cartilages in 
Fig. 338). Only the four lowest radii 
(shadM in the illustration) arc presers-ed ; 
and these are the four inner toes of the 
foot (first to fourth). The little or fifth 
toe is developed from the lower end of the 
fin-rod. From the middle and upper 
part of the fin-rod was developed the long 
stem of the limb — the important radius 
and ulna (Fig 339 r and «) and humerus 
(h) oi the higher Vertebrates. 

In this way the five-toed foot of the 
Amphibia, which we first meet in the 
Cartxiniferous Stegocephala (Fig. 260), 
and which was inherited from them by 
the reptiles on one side and the mammals 
on the other, was formed by gradual 
degeneration and differentiation from the 
many-toed fish-fin (Fig. 341). The reduc- 
tion of the radii to four was acconipanied 
by a further differentiation of the fin-rod, 
its transverse segmentation into upper 
and lower halves, and the formation of 
the zone of the limb, w hich is composed 
originally of three limbs before and 
behind in the higher Vertebrates. The 
simple arch of the original shoulder-zone 
divides on each side into an upper (dorsal) 
piece, the shoulder-blade ( scapula ), and 
a lower (ventral) piece , the anterior part 
of the latter forms the primitive clavicle 
( procoracouleum ), and the posterior part 


from a series of bony pieces before and 
behind. We find a complete parallel in 
all the parts of the fore leg and the hind 

len we thus learn from comparative 
anatomy that the skeleton of the human 
limbs IS composed of just the same bones, 
put together in the same way, as the skele- 
ton in the four higher classes of Verte- 
brates, we may at once infer a common 
descent of them from a single stem-form 
This stem-form was the earliest am- 
I phibian that had five toes 011 each foot. 

1 It is particularlv the outer p.trts of the 
I limbs that h.ave Seen modified by adapt.-i- 
I tion to different conditions. We need 
' onlv recall the immense variations they 
offer within the mammal class. We have 
the slender legs of the deer and the 
strong springing legs of the kangaroo, 
the climbing feet of the sloth and the 
digging feet of the mole, the fins of the 
whale and the wings of the bat It will 
readily be granted that these organs of 
locomotion differ as much in regard to 
[ size, shape, and special function as can 
I be conceived Nevertheless, the bony 
skeleton is substantially the same in every 
case. In the different limbs we alwavs 
! find the same characteristic bones in 
I essentially the same rigidly hereditary 
connection , this is as splendid a proof of 
the theory of evolution as comparative 
I anatomy can discover in any org.in of the 
I body. It IS true that the skeleton of the 


the coracoideum. In the same way the 
simple arch of the pelvic zone breaks up 
into an upper (dorsal) piece, the iliac-bone 
( os tltum ), and a lower (ventral) piece ; 
the anterior part of the latter forms the 
pubic bone ( os pubis ), and the posterior 
the ischial bone ( os ischtx ). 

There is also a complete agreement 
between the fore and hind limb in the 
stem or shaft. The first section of the 
stem is supported by a single strong bone 
— the humerus in the fore, the femur in 
the hind limb. The second section con- 
tains two bones : in front the radius (r) 
and ulna fu), behind the tibia and fibula. 
(Cf. the skeletons in Figs. 260, 265, 270, 
278-282, and 348 ) The succeeding 
numerous small bones of the wrist 
(' carpus J and ankle f tarsus J are also 
similarly arranged in the fore and hind 
extremities, and so are the five bones 
of the middle-hand f metacarpus ) nnd 
middle-foot (metatarsus). Finally, it is 
the same witli the toes themselves, which 

Itatro o oimtlat* /•(lara/'f Amef <sSfs«M* 


limbs of the \anous mammals undergoes 
imny distortions nnd degenerations be- 
sides the special .ad.iptations (Fig 342) 
Thus we find the first finger or the thumb 
a*^rophicd in the fore-foot (or h.tnd) of the 
dog ( 11 ) It lifts entirciv dis.tppe:ired m 
the pig (III) and tapir (V) In the rumi- 
nants (such as the ox, IV) the second 
and fifth toes arc also atrophied, and only 
the third and fourth are well developed 
(VI, 3). Nevertheless, all these different 
fore-feet, as w'ell as the hand of the 
ape (Fig .34°) and of man (Fig. 341), 
were originally developed from a common 
pentadactvle stem-form. This is proved 
by the rudiments of the degenerated toes, 
and by the siniil.irity of the arrangement 
of the wrist-bones in all the pentanomes 

1 ? v^can^idly compare the bony skele- 
ton of the huin.in arm and h.ind with 
that of the nearest anthropoid apes, wc 
find an almost perfect identity. This is 
especially true of the chimpanzee. In 
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parts, the lowest living races of men (the 
Veddahs of Ceylon, Fig. 344) are midway 
between the chimpanzee (Fig. 343) and 
the European (Fig. 345). More consider- 
able arc the differences in structure and 
the proportions of the various parts be- 
tween the different genera of anthropoid 
apes (Figs. 278-282); and still greater is 
the morphological distance between these 
and the lowest apes (the Cynopttheca). 
llcre,again, impartial and thorough ana- 
tomic comparison confirms the accuracy 
of Huxley’s pithecometra principle (p. 171). 

The complete unity of structure which 
is thus revealed by the comparative 
anatomy of the limbs is fully confirmed 
by their embiyology. However different 
the extremities of the four-footed Craniotes 
may be in their adult state, they all de- 
velop from the same rudimentary struc- 
ture. In every case the first trace of the 
limb in the embryo is a very simple pro- 
tuberance that grows out of the side of 
the hyposoma These simple structures 
develop directly into fins in the fishes and 
Dipneusts by differentiation of their cells 
In the higher classes of Vertebrates each 
of the four takes the shape in its further 
growth of a leaf with a stalk, the inner 
half becoming narrower and thicker and 
the outer half broader and thinner. The 
inner half (the stalk of the leaQ then 
divides into two sections — the upper and 
lower parts of the limb .Afterwards four 
sh.illow indentations are formed at the 
free edge of the leaf, and gradually 
deepen , these are the intervals between 
the five toes (Fig 174). The toes soon 
m.ike their appearance But at first all 
five toes, both of fore and hind feet, are 
connected by a thin membrane like a 
swimmmg-w'eb ; they remind us of the 
original shaping of the fixjt as a paddling 
fin The further development of the 
limbs from this rudimentary structure 
takes place in the same way in all the 
Vcrtebr.itcs according to the laws of 
heredity. 

The embry’onic development of the 
muscles, or active organs of locomotion, 
is not less interesting than that of the 
skeleton, or passive organs. But the 
comparative anatomy and ontogeny^ of 
the muscular system are much more diffi- 
cult and inaccessible, and consequently 
have hitherto been less studied. We can 
therefore only dr.iw some general phylo- 
genetic conclusions therefrom. 

It is incontestable that the musculature 
of the Vertebrates has been evolved from 


that of lower Invertebrates ; and among 
these we have to consider especially the 
unarticulated Vermalia. They have a 
simple cutaneous muscular layer, develop- 
ing from the mesoderm. This was after- 
wards replaced by a pair of internal lateral 
muscles, that developed from the middle 
wall of the coelom-pouches ; we still find 
the first rudiments of the muscles arising 
from the muscle-plate of these in the 
embryos of all the Vertebrates (cf. Figs. 
124, 158-60, 222-4 ”*/)• I" **1® unarticu- 
lat^ stem-forms of the Chordonia, which 
we have called the Prochordonia, the two 
ccelom-pouches, and therefore also the 
muscle-plates of their walls, were not yet 
segmented. A great advance was m^e 
in the articulation of them, as we have 
followed it step by step in the Amphioxus 
(Figs. 124, 158). This segmentation of 
the muscles was the momentous historical 
process w-ith which vertebration, and the 
development of the vertebrate stem, began. 
The articulation of the skeleton came after 
this segmentation of the muscular system, 
and the two entered into very close corre- 
lation. 

The episomites ordorsal coelom-pouches 
of the .Acrania, Cyclostomcs, and Selachii 
(Fig. 161 A) first develop from their inner 
or median wall (from the cell-layer that 
lies directly on the skeletal plate [jif] and 
the medullary tube [ar]) a strong muscle- 
plate ( tap). By dorsal growth it 
also reaches the external wall of the 
ccelom-pouches, and proceeds from the 
dorsal to the ventral wall. From these 
segmental muscle,plates, w'hich are chiefly 
concerned in the segmentation of the 
Vertebrates, proceed the lateral muscles 
of the stem, as we find in the simplest 
form in the Amphioxus (Fig. 210). By 
the formation of a horizontal frontal 
septum they divide on each side into an 
upper and lower series of myotomes, 
dorsal and ventral lateral muscles. This 
is seen wdth typical regul^t}' in the 
transverse section of the tail of a fish 
(Fig. 346). From these earlier lateral 
muscles of the trunk develop the greater 
p.irt of the subsequent muscles of the 
trunk, and also the much later “ muscular 
buds ” of the limbs.* 


* The ontoffcny of the muectes u moetty cenogBoehc. 
The amter part of the muecle* of tte head (or the 
vwccral mutclea) belong on|nnaU> to the h>-m3nia of 
the vertibrate organiem. and develop from flM^all 


pliee originally to the pnmary muaclet 
three too belong phylogenctually to ( 
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Chapter XXVII. 

THE EVOLUTION OF THE ALIMENTARY SYSTEM 


Tl)« chief of the \cgetal or^ns of the 
human frame, to the eiolution of which 
we now turn our attention, is the alimen- 
tary’ canal The gut is the oldest of all 
the organs of the metazoic body, and it 
leads us back to the earliest age of the 
formation ol organs— to the first section 
of the Laurcntian period. As we ha\e 
already seen, the result of the first division 
of labour among the homogeneous cells 
of the earliest multicellular animal body 
was the formation of an alimentary cavity'. 
The first duty and first need of every 
organism is self-preservation. This is 
met by the functions of the nutrition and 
the covering of the body. >^1160, there- 
fore, in the pnmitive globular Blastera 
the homogeneous cells began to effect a 
division of labour, they had first to meet 
this twofold need. One half were con- 
verted into alimentary cells and enclosed 
a digestive cavity, the gut. The other 
half became covering cells, and formed 
an envelope round the alimentary tube 
and the whole body. Thus arose the 
primary germinal lay^ers — the inner, 

outer, covering, or animal layer. (Cf. 
PP- , 
When we try to construct an animal 
frame of the simplest conceivable type, 
that has some sucli primitive alimentary 
canal and the two primary layers consti- 
tuting its wall, we inevitably come to the 
very remarkable embiyonic form of the 
gastrula, which we have found with 
extraordinary persistence throughout the 
whole range of animals, with the excep- 
tion of the unicellulars— in the Sponges, 
Cnidaria, Platodes, Vermalla, Molluscs, 
Articulates, Echinoderms, Tunicates, and 
Vertebrates. In all these stems the 
gastrula recurs in the same very' sinmle 
form. It is ce^inly a remarkable fact 
that the gastrula is found in various 
animals as a larva-stage in their indi- 
vidual development, and that this gastrula, 
though much disguised by cenogenetic 


I modifications, has everywhere essentially 
the same pahngenetic structure (Fig.s. 
1 30-35). The elaborate alimentary canal 
I of the higher animals developes onto- 
' genetically from the same simple primi- 
tive gut of the ^pvrr/mAr. 

This g.islra^i theory is now .iccepted 
by nearly all zoologists. It was first 
supported and p.artly modified by Professor 
R.iy-L-inkester , he propvised three years 
afterwards (in his es.s.’iy on the develop- 
ment of the Molluscs, 1875) to give the 
name of arckenteron to the primitive gut 
and blastoporus to the primitive mouth. 

Before we follow' tnc development of 
the human alimentary canal m detail, it 
is necessary’ to say a word about the 
general features of its composition in the 
fully-developed man. The mature alimen- 
tary canal m man is constructed in all its 
mam features like that of all the higher 
mammals, and particularly resembles 
that of the Catarrhines, the narrow-nosed 
apes of the Old World. The entrance 
into it, the mouth, is armed with thirty- 
tw’o teeth, fixed in row’s in the upper and 

tion is exactly the same as that of the 
Catarrhines, and differs from that ol all 
other animals (p. 257). Ahov c the mouth- 
cavity is the double nasal cavity ; they 
are separat^ by the palate-w’all. But we 
saw that this separation is not there from 
the first, and that originally there is a 
common mouth-nasal cavity in the 
embryo ; and this is only divided after- 
wards by the hard palate into two — the 
nasal cavity above and that of the mouth 
below (Fig. 311). 

At the back the cavity of the mouth is 
half closed by the vertical curtain that w’e 
call the soft palate, in the middle of which 
is the uvula. A glance into a mirror with 
the mouth wide open will show its shape. 
The uvula is interesting because, besides 
man, it is only found in the ape. At each 
side of the soft palate are the tonsils. 
Through the curv^ opening that we find 
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underneath the soft palate we penetrate 
into the gullet or pn.irynx behind the 
moulh-cauty. Into this opens on either 
side a narrow canal (the Eustachian tute), 
through which there is direct communica- 
tion with the tympanic cavity of the ear 
(Fig. 320 e). The pharynx is continued 
in a long, narrow tube, the oesophagus 
(sr). Bj' this the food passes into the 
stomach when masticated and swallowed. 
Into the gullet also opens, right above, 
the trachea (Ir), that leads to the lungs. 


the canal ; it opens only when the pulpy 
food passes from the stomach into the 
intestine In man and the higher Verte- 
brates the stomach itself is the thief organ 
of digestion, and is especially occupied 
with the solution of the food ; this is not 
the case in many of the lower Vertebrates, 
which have no stomach, and discharge 
its function by a part of the gut farther 
on. The muscular wall of the stomach is 
comparatively thick ; it has externally 
strong muscles that accomplish thediges- 


The cartilaginous epiglottis is found only ' glands, which secrete the gastnc juu. 
in the mammals, and has developed from 1 Next to the stomach comes the longest 
the fourth branchial arch of the fishes and 1 section of the alimentaiy canal, the 
amphibia. The lungs are found, in man ' middle gut or small intestine. Its chief 
and all the mammals, to the right and 1 function is to absorb the peptonised fluid 
left in the pectoral caxity, with the 


heart between them At the upper end 
of the trachea there is, under the 
epiglottis, a specially diflerontialed 
part, strengthened bj a carlilagi 
kcleton, tlie larv n.\. Tliis important 
organ of human speech also de\ elopes 
from a part of the alimentary canal. 
In front of the larynx is the thjroid 
gland, which sometimes enlarges and 
forms goitre. 

The oesophagus descends into the 
pectoral ca\ity along the vertebral 
column, behind thclungsand the heart, 
pierces the diaphragm, and enters the 
visceral cavity. The diaphragi is a 
membrano- muscular partition that 
complelel) separates the thoraci rom 
the abdominal cavit) in all the am- 
m.ils (and these alone). This s , am. 
tion IS nut found in the beginning ; 



there is at first a common breast-bell) 
c.ivity, the coeloma or pleuro-peritoneal 
cavity. The diaphragm is formed later 
on os a muscular horizoiit.il partition 
between the thoracic and abdominal 
cavities. It then completely separates 
the two cavities, and is only pierced by 
several organs that pass from the one 
to the other. One of the chief of the.se 
organs is the oesophagus. After this has 
passed through the diaphr.igm, it expands 
into the gastric sac in which digestion 
' kes place. _ 

adult man (Fig. 349) is a long, somewhat 
', expanding on the left into a 
■ IS of the stomach ( b' J, 
out narrowing on ihc right, and passing 
at the p)lorus (ej into the small inte.stine. 
At this mint there is a valve, thep)loric 
valve (dj, between the two sections of 


mass of food, or the clivie, and it is sub- 
divided into several sections, of which the 
(next to the stomach) is called tlie 
duodenum (Fig. 3.19.^) It is a short, 
horseshoe-shaped loop of the gut. The 

■„ o glands of the alin - - - - -- 

open into it — the liver, the chief digestive 
gland, that secretes the gall, and the 
pancreas, which secretes the pancreatic 
Juice. Tiic two glands pour their secre- 
tions, the bile and p.increatic juice, close 
together into the duixlenum (ij. The 
opening of the gall-duct is of p.irticular 
pii)logenetic importance, as it is tlie same 
in all the Vertebrates, and indicates the 
principal point of the hepatic or trunk-gut 
(Gegenbaur). The liv er, ph v logenctically 
older than the stomach, is a laige inland, 
rich in blood, in the adult m<in, imme- 
dmtely under the duiphragm on the left 
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side, and separated by it from the lungs. Although the fully-formed alimentarv 

The pancreas lies a little further back and inal is thus a vc^ elaborate organ, and 

more to the left. The remaining part of igh in detail it has a quantity of 

th^ small intestine is so long that it has mplex structi ' ' ' ' ' ‘ 

to coil itself in many folds in order to find nnot enter hei 

room in the narrow space of the abdominal mplicated structure has been hist— 
ca\-ity. It is divided into the jejunum cally evolved from the very simple forr 
above and the ileum below. In the last of the primitive ' e find in 
section of it is the part of the small intes- gastrasad-ancestors, and that every gas* 
tine at which in the embryo the yelk-sac trula brings before us to-day. We have 
ononc Ih.. o^..» 'Thie onH thin already pointed out (Chapter IX.) h'— 
the cpigastrula of the mammals (Fig. 67) 
can be reduced to the original type of the 
bcll-gastrula, which is now preserved by 
the amphioxus alone (Fig 35). Like 
the latter, the human gastrula and that 
of all other mammals must he regarded 
as the ontogenetic reproduction of the 
phylogenetic form that we call the 
Gastra'a, in which the whole body is 
nothing but a douhle-vvallcd gastric sac. 

W’e already know from cmbryoloffy the 
manner in wliith the gut developc’s m the 
embryo of man and the other mammals. 
From the gasirula is first formed tlie 
spherical embryonic vesicle filled with 
fluid igastrocj’sits, Fig. 106). In the 
dorsal wall of this the sole -shaped 
embryonic shield is developed, and on the 
under-side of this a shallow groove 
appears in the middle line, the first trace 
of the later, secondary ahmcnt.iry tube 
The gut-groove becomes deeper and 
deeper, and its edges bend towards each 
other, and finally form a tube 
As we have seen, this simple cylindrical 
gut-tube is at first completely closed 
before and behind in iruin and in the 
Vertebrates generally (Fig. 148) ; the 
permanent openings of the alimentary 
canal, the mouth and anus, are only 
form^ later on, and from the outer skin, 
vermiform appendix. The large intestine A mouth-pit appears in the skin in front 
I colon ) consists of three parts — an ascend- (Fig. 350 hp), and this grows towards the 
ing part on the right, a transverse middle blind fore-end of the cavity of the head- 
part, and a descending part on the left, gut (kd), and at length breaks into it. 
Tlie latter finally passes through an In the same way a shallow anus-pit is 
S-shaped bend into the last section of the formed in the skin behind, which grows 
alimentarv' canal, the rectum, which deeper and deeper, advances towards the 
opens behind by the anus, ^th the blind hinder end of the pelvic gut, and at 
large and small intestines are equipped last connects with it. ^lere is at first, 
with numbers of small glands, which both before and behind, a thin partition 
secrete mucous and other fluids. between tlie external cutaneous pit and 

For the greater part of its length the the blind end of the gut — the throat- 

alimentary canal is attached to the inner mbranc in front and the ~ 

dorsal surface of the abdominal cavity, or brane behind ; these disappear when the 
to the lower surface of the vertebral connection takes place, 
column. The fixing is accomplished by Directly in front of the anus^pening 
means of the thin membranous plate that the allantois developes from the hind gut ; 
we call the mesentery. this is the important embryonic structure 


intestine then passes into the large intes- 
tine, from W'hich it is cut off by a special 
V alv e. 1 mmediately behind this “ Bauhin- 
valve ” the first part of the large intestine 
forms a wide, pouch-like structure, the 
caecum. The atrophied end of the coecum 
‘i the famous rudimentary organ, the 



Fml 350.— Median Motioa of the head ofahuw- 

embryo, one^burth of an inch in Icn^h. (From 
Mikmlcnm ) Tbed^oioullKWlfV^ia'iqwratnlb) 

__ieofllielh ' ■ 

thchead.^tfii/^. heart, cA chorda. 

* whjTXiphjnM* Jcvelofiea from the 

•ot thecerehnim.f'g third imtnc 
14 fourth ventndc (hind brain), 



THE EVOLUTION OF THE ALIMENTARY SYSTEM 


3 ” 


that forms into the placenta in the 
Placentals (includinf; man). In this more 
advanced form the human alimentary 
canal (and that of all the other mammals) 
is a slightly bent, cylindrical tube, with 
an opening at each end, and two appen- 
dages growing from its lower wall : the 
anterior one is the umbilical vesicle or 
yelk-sac, and the posterior the allantois 
or urinary sac (Fig. 19s). 

The thin wall of this simple alimentary 
tube and its ventral appendages is found, 
on microscopic examination, to consist of 
two strata of cells. The inner stratum, 
lining the entire cavity, consists of larger 
and darker cells, and is the gut-gland 
layer. The outer stratum consists of 
smaller and lighter cells, and is the gut- 
fibre layer. The only exception is in the 
cavities of the mouth and anus, because 
these originate from the skin. Tlie inner 
coat of the mouth-c.ivity is not provided 
by the gut-gland layer, but by the skin- 
sense layer ; and its muscularsubstratum 
is provided, not by the gut-fibre, but the 
skin-fibre, layer. It is the same with the 
wall of the small anus-cavity. 

If it is asked how these constituent 
layers of the primitive gut-wall are 
rektled to the various tissues .ind organs 
that we find afterwards in the fully- 
developed system, the answer is very 
simple. It can be put in a single sen- 
tence. The epithelium of the gut — that 
is to say, the internal soft stratum of cells 
tliat lines the cavity of the alinicntaiy 
canal and all its append.ages, and is 
immediately occupied w ilh the processes 
of nutrition— IS formed solely from the j 
gut-gland lajer, all other tissues and 
organs that belong to the alimentary 
canal and its appendages originate from 
the gut-fibre lajer. From the latter is 
also developed the whole of the outer 
envelope of the gut .ind its appendages ; 
the fibrous connective tissue and the 
smooth muscles that compose its muscular 
layer, the cartilages that support it (such 
ns the cartilages of the laiymx and the 
trachea), the blood-vessels and Ijmph- 
vessels that absorb the nutritive fluid from 
the intestines— in a word, all that there 
is in the alimentary system besides the 
epithelium of the gut. From the same 
layer we also get the whole of the 
mesentery, with all the organs embedded 
in it — the heart, the large blood-vessels of 
the body, etc. 

Let us now leave this original structure 
of the mammal gut for a moment, in 


order to compare it with the alimentary 
canal of the lower Vertebrates, and of 
those Invertebrates that we have recog- 
nised as man’s ancestors. We find, first 
of all, in the lowest Metazoa, t^ 
Gastra^s, that the gut remains perma- 
nently in the very simple form in which 
we find it transitorily in the palingenetic 
gastrula of the other animals ; it is thus 
in the Gastremaria ( PemnuUodtscus ), 
the Physemaria ( Brophysema), the 
simplest Sponges ( Olynthus J, the fresh- 
water Polyps (Hydra), and the ascula- 
embryos of manj other Coelenteria (Figs. 



Fra 351 —Scales or cutaneous teeth of a shark 

( Crnt roi lhorus calcrtu). A thmpointed tooth r»ca 
oUiquely on each of the quadranaular bony plates that 
lie to the conum. (From C^gmSttur ) 

233-238). Even in the simplest forms of 
the Platodes, the Rliabdocoela (Fig. 240), 
the gut is still a simple straight tube, 
lined with the entoderm ; but with the 
important difference that in this case its 
single opening, the primitive mouth (m), 
has formed a muscular gullet (sd) by 
invagination of the skin. 

We have the same simple form in the 
gut of the lowest Vermalia (Gastrotricha, 
Fig. 242, Nematodes, Sagitta, etc.). But 
in these a second important opening ot 
the gut has been formed at the oppo- 
site end to the mouth, the anus (Fig. 
242 a). 



THE EVOLUTION OF THE ALIMENTARY SYSTEM 


3M 


We see a great advance in the stnic- ' respiratory branchial gut, the posterior 
tureof the \crmalian gut in the remark- the digestive hepsitic gut. In both it 
able Balanof^ossus (Fig. 245), the sole' develops palingcnetically from the primi- 
survivorof the Enteropneust class. Here live gut of the gastrula, and in both the 
we have the first appearance of the hinder end of the medullary tube covers 
division of the alimentary tube into two the primitive mouth to such an extent that 
.sections that cliaracterises the Chordonia. the remarkable medullary intestinal duct 
The fore lialf, the head-gut (eepkalo- is formed, the passing communication 
gaster), becomes the organ of respiration between the neural and intest'ruil tubes 
(branchial gut, Fig. 245 i) ; the hind ( canalu neurentertcus. Figs. 83, 85 nej. 
half, the trunk-gut CtruncogusterJ, &\ona\ In the vicinity of the closed pnmilive 
acts as digestive organ (hepatic gut, d). 1 mouth, possibly in its nl.ice, the later 



Fki. 3]a.-Gut of a human embrjro. oii*«»th of an mdi Umg, mnsnified fifteen timcn. (From /fa ) 


The differentiation of these two parts of 1 
the gut in the Enteropneust is just the 

sin all the Tur- • ” ' 

brates. 

i ptuticularly interesting and in- I 
stnictive in this connection to compare I 
the Enteropneusts with the Ascidia and 
the Amphioxus (Figs. 220, 220) — the 
remarkable animals that form the con- 
necting link between the Invertebrates 
and the Vertebrates. In both forms the 
gut is of substantially the same construc- 
tion ; the anterior section forms the 


anus is developed. In the s.amc way the 
mouth is a fresh formation in the 
Amphioxus and the Ascidia. 

. ■ ind that 

theCraniotes generally. The seconda^ 
formation of the mouth in the Chordonia 
is probably connected with the develop- 
ment of the gill-clefts which are formed 
in the gut-wall immediately behind the 
mouth. In this way the anterior section 
of the gut is converted into a respiratory 
organ. I have already pointed out tliat 
this modification is distinctive of tlie 
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Vertebrates and Tunicates. The phylo- 
penetic appearance of the fill-clefts 
indicates the commencement of a new 
epoch in the stem-history of the Verte- 
brates. 

In the further ontogenetic development 
of the alimentary canal in the human 
embrjo the appearance of the gill-clefts is 
the most important process. At a very 
c<irly stage the gullet-wall joins with the 
external body-wall in the head of the 
human embiyo, and this is followed by 
the formation of four clefts, a-hich lead 
directly into the gullet from without, on 
the right and left sides of the neck, 
behind the mouth These are the gill or 
gullet clefts, and the partitions tlkit 
separate them are the gill or gullet- 
arches (Fig 171), Tlicse are most inter- 
esting cmbrjonic structures. They show 
us that all the higher Vertel^tes repro- 
duce in their earlier stages, in harmony 
with the biogenetic law', the process that 
had so important a ptirt in the rise of the 
w hole Chordonia-stem. This process was 
the differentiation of the gut into two 
sections— an anterior respiratory section, 
the brtinchial gut, that was restricted to 
breathing, and a posterior digestne 
section, the hepatic gut. As we find this 
highl\ characteristic differentiation of the 
gut into two different sections in all the 
Vertebrates and all the Tunicates, we 
may conclude that it was also found in 
their common ancestors, the Prochor- 
donia — especially as e\en the Entero- 
pneusts ha\e it. (Cf pp. 119, 151, 227, 
and Figs 210, 220, 245.) It is entirely 
wanting in all the other Invertebrates. 

There is at first only one pair of gill- 
clefts in the .Xmphioxus, as in the 
Abcidia and Enteropneusts , and the 
Copclala (Fig 225) have only one pair 
throughout life. But the numlier presently 
increases in the former. In the Craniotes, 
however, it decreases still further. The 
Cvciostomes have six to eight pairs 
(Fig. 24^) ; some of the Sclachii six or 
seven jMirs, most of the fishes only four or 
five pairs. In the embryo of man, and 
the higher Vertebrates generally, where 
they make an appearance at an early 
stage, only three or four pairs are 
developed. In the fishes they remain 
throughout life, and form an exit for the 
water taken in at the mouth (Figi 249- 
251). But they are partly lost in tlie^ 
amphibia, and entirely in the higher* 
Vertebrates. In these nothing is left but 
a relic of the first gill-cleft. Ttiis is 


formed into a part of the organ of 
hearing ; from it are developed the 
external meatus, the tympanic cavity, 
and the Eustachian tube. We have 
already considered these remarkable 
structures, and need only point here to 
the interesting^ fact that our middle and 
external ear is a modified inheritance 
from the fishes. The branchial arches 
also, which separate the clefts, develop 
into very different parts. In the fishes 
they remain gill-arches, supporting the 
respiratory gul-leavcs. It is the same 
with the lowest amphibia, but in the 
higher amphibia they undergo various 



modifications , and in the three higher 
classes of Vertebrates (including man) 
the hyoid bone and the ossicles of the ear 
develop from them. (Cf. p. 291.) 

From the first gill-arch, fmm the inner 
surface of which the muscular tongue 
proceeds, we get the first structure of the 
maxillary skeleton — the upper and lower 
jaws, which surround the mouth and 
support the teeth. These important 
parts are wholly wanting in the two 
lowest classes of Vertebrates, the Acranja 
and Cjclostoma. They appear first in 
the earliest Sclachii (Fi^. 248-251), and 
have been transmilt^ from this stem- 
group of the Gnathostomes to the higher 



3*4 


THE EVOLUTION OF THE AUMENTARY SYSTEM 


Vertebrates. Hence the original forma- 
tion of the skeleton of the mouth can be 
traced to these primitive fishes, from 
which we have inherited it. The teeth 
are developed from the skin that clothes 



sections, a fore or brancliial gut 
and a hind or hepatic gut, like the 
alimcntao' canal of the ^lanc^lossus, 
the Ascidia, and the 
Amphioxus. The for- 
mation of the jaws 
and the branchial 
arches changes it into 
a real fish-gut ( Sela- 
chtt J. But the bran- 
chial gut, the one 
reminiscence of our 
fish - ancestors, is 
afterw.irds atrophied 
as such. I1ic parts 
of it that remain arc 
converted into en- 
tirely dincrciit struc- 
tures. 

But, although the 
anterior section of our 

the jaws. As the whole mouth cavity alimentary canal thus entirely loses its 
origuiates from the outer integument original clwracter of branchial gut, it 
(Fig. 350), the teeth also must come from retains the pliysiological character of 
it. As a fact, this is found to be the respiratorv gut. VVe are now astonislicd 
case on microscopic examination of the to find tfiat the permanent respiratory 
development and finer structure of the \ organ of the higher V’ertebrates, the air- 
teeth. The scales of the fishes, esp^-iaU) ^ breathing lung, is devclopwl from this 
of the shark type (Fig. 351), are in the ■ first pan of the alimentary canal Our 
same position as their teeth in this ' lungs, trachea, and larj nx are formed 
respect (Fig. 252). The osseous mailer! from the ventral wall of the bn-inchial gut. 
of the tooth (dentine) developes from the The whole of the respiratory apparatus, 
corium; its enamel covering is_a secretion j which occupies the greater part of the 




■edlan seetlon of the head of a Petromyzon-Iarva. 




of the epidermis that cov ers the conum. 
It is the same with the cutaneous teeth or 
placoid scales of the Selachii. At first 
the whole of the mouth was armed with 
these cutaneous teeth in the Selachii and 
in the earliest amphibia. Afterwards the 
formation of them was restricted to the 
edges of the jaws. 

Hence our liuman teeth are, in rel.ition 
to their original source, modified fish- 
scales For the same reason vve must 
regard the salivary glands, which open 
into the mouth, as epidermic glands, as 
they are formed, not from the glandular 
layer of the gut like the rest of the 
alimentarj’ glands, but from the epidermis, 
from the horny plate of the outer germir ' 
layer. Naturally, in harmony with tl 
evolution of the mouth, the salivary glands 
belong genetically to one series with the 
sudoriferous, sebaceous, and mammary 
glands. 

Thus the human alimentary canal is 
as simple as the primitive gut of the 
gastrula in its original structure. Later 


pectoral cav ity in the adult man, is at first 
merely a small pair of vesicles or sacs, 
which grow out of the floor of the hcad- 



B tlw h)i>obnuichial 


gut immediate behind the gills (Figs. 
354 c, 147 /). These vesicles arc found in 
all the Vertebrates except the two lowest 
classes, the Acrania and Cyclostomcs. In 
the lower Vertebrates they do not develop 
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a largfe air>filied I gland a median groove, the rudiment of 
bladder, which occupies a good dcJ! ' ‘ ichea, is detached from the gullet, 
the body-cavity and has a quite different From its hinder end a couple of vesicles 
purport It serves, not for breathing, develop — the simple tubular rudiments of 
but to effect swimming movemen up the right and left lungs. Tliey afterwarxis 
and down, and so is a sort of hydro increase considerably in sue, fill the 

apparatus — the floating bladder greater part of the thoracic cavity, and 

fishes {nectocyshs, p. 233). However, the take the heart between them. T 
human lungs, and those of all air-breath- the frogs we find that the simple sac has 
ing Vertebrates, develop from the same developed into a spongy body of peculiar 
simple vesicular appendage of the head- froth-like tissue. The originally short 
gut that becomes the floating bladder in I connection of the pulmonary sacs with 
the fishes. the head-mit extends into a long, thin 

At first this bladder has no respiratory tube. This is the wind-pipe (trachea); 
function, but merely acts as hydrostatic it opens into the gullet above, and divides 
apparatus for the purpose of increasing or below into two branches which go to the 
lessening the specific gravity of the body, two lungs. In the wall of the trachea 
The fishes, which have a fully-develop^ 
floating bladder, can press it together, 
and thus condense the air it contains. 

The air also escapes sometimes from the 
alimentary canal, through an air-duct 
that connects the floating bladder with 
the phaiynx, and is ejected by the mouth. 

This lessens the size of the bladder, and 
so the fish becomes heavier and sinks. 

When it wishes to rise again, the bladder 
is expanded by relaxing the pressure. In 
many of the Crossoptciy gii the wall of 
the bladder is covered with bony platr ’ 
as in the Triassic Undtna (Fig. 254X 
This •hydrostatic apfmratus bc^'ins 
the Dipneusts to change into a res^ratoiy 
organ ; the blood-vessels in th( " 



the bladder now no longer mere 
air themselves, but also take esh 
air through the air-duct. Tliis proces 
reaches its full development in the .\m 
phibia. In these the floating bladder ha 
turned into lungs, and the air-passag< 
into a trachea. The lungs of the Am 
hibid have been transmitt^ to the thre< 
igher classes of Vertebrates. In thi 
lowest Amphibia the lungs on cither side 
are still very simple transparent sacs with 

thin walls, as in the common ’ — ^ y-o r- 

— . lander, the Triton. It still entirely is formed — the organ of voice and speech, 
resembles the floating bladder of the The larynx is found at various stages of 
fishes, it is true that the Amphibia have development in the Amphibia, and com- 

.„’0 lungs, right and left. But the float- . , 1 _ .^..Tatomists are in a position to 

ing bladder is also double in many of the trace the progressive growth of this 
fishes (such as the e.irly Ganoids), and 1 portant organ from the rudimentary 
divides into right and left halves. On I structure of the lower Amphibia up to the 
- hand, the lung is single in | elaborate and delicate vottJ apparatus 
Ceratodus (Fig. 257) 'n the larynx of man and of 

In the human embiyo and that of all the birds. 

the other Amniotes the lungs develop . refer here to an interesting 

from the hind part of the ventral wall ot rudimentary organ of the respiratory gut, 
the head-gut (Fig. 149). Immediately the thyroid gland, the large g^d in front 
behind the single structure of the thyroid of tlie larynx, that lies below the “ Adam’s 


I Fio 357 — Thoracio and abdominal vtsoera of 

a human embooof twelve wedu, natural site. (From 
KiUtkrr) The head u omitted. Ventral and pec- 
toral walla are removed The greater part of the 
bod>-cavity is taken up with the liver, irom the middle 
I part of winch the ccecum and the vermiform appendix 
1 protnale. Above the diaphragm, in the middle, is the 
I conical heart , to the nght and left of it are the two 


I circular cartilages develop, and these 
keep it open. At its upper end, under- 
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apple,” and is often especially developed 
in the male sex. It has a certain function 
— not yet fully understood— in the nutri- 
tion of the body, and arises in the embr>'o 
bv constriction from the lower wall of the 
phannx. In many mining districts the 
th\ roid gland is peculiarly liable to 
morbid enlargement, and then forms 
goitre, a growth that hangs at the front 
of the neck. But it is much more interest- 
ing phylogenetically. As Wilhelm Muller, 
of Jena, has shown, this rudimentary 
oigan is the last relic of the hj pobranchial 
groo\e, w hich we considered in a previous 
chapter, and which runs in the middle 
line of the gill-crate in the Ascidia and 
Amphioxus, and convets food to the 
stomach. (Cf p 184, Fig 246). We still 
find it in its original character in thelana: 
of the Cjclostonies (Figs. 355 and 356). 

Tlie second section of the alinientarj’ 
canal, the trunk or hepatic gut, undergoes 
not less important modifications among 
our \ertebrale ancestors than the first 
section. In tracinjr the further develop- 
ment of this digestive p.irt of the gut, we 
find that most complex and elaborate 
organs originate from a verj rudimentarj’ 
original structure. For clearness we 
may divide the digestive gut into three 
sections: the fore gut (with oesophagus 
and stomach), the middle gut (duodenum, 
with liver, p<increas, jejunum, and ileum), 
and the hind gut (colon and rectum). 
Here again we find vesicular growths or 
appendages of the originally simple gut 
developing into avariety of organs. Two 
of these embryonic structures, the yelk-sac 
and allantois', are already know n to us. 
The tw o large glands that open into the 
duodenum, the liver and pancreas, are 
growths from the middle and most im- 
portant part of the trunk-gut. 

Immediately behind the vesicular rudi- 
ments of the lungs comes the section of 
the alimentary' canal that forms the 
stomach (Figs. 353 d, 3^ 6). This sac- 
shaped organ, which is chiefly responsible 
for the solution and digestion of the food, 
has not in the lower Vertebrates the 
great physiological importance and the 
complex character that it has in the 
higher. In the Acrania and Cyclostomes 
and the earlier fishes we can scarcely dis- 
tinguish a real stomach ; it is represented 
merely by the short piece from the bran- 
chial to the hepatic gut. In some of the 
other fishes also the stomach is only a 
wry simple spindle-shap^ enlargement 
at me banning of the digestive section 


of the gut, running straight from front to 
back in the median plane of the body, 
underneath the vertebral column. In the 
mammals its first structure is just as 
rudimentary as it is permanently in the 
preceding. But its various parts .soon 
begin to develop. As the left side of the 
spindle-shaped sac grows much more 
quickly than the ri^t, and as it turns 
considerably on its axis at the same lime, 
it soon comes to lie obliquely. The upper 
end is more to the left, and the lower end 
more to the right The foremost end 
draws up into the longer and narrow’er 
canal of the oesophagus. Underneath 
this on the left the blind sac (fundus) of 
the stomach bulges out, and thus the 
l.atcr form gradually dev elopes (Figs. 34^, 
1S4 c) The original longitudinal axis 
becomes oblique, sinking below to the 
left and rising to the right, and approaches 
nearer and nearer to a transverse position. 
In the outer layer of the stomach-wall the 
powerful muscles that accomplish the 
digestive movements develop from the 
gut-fibre layer In the inner layer a 
number of small glandular tubes are 
formed from the gut-gland layer ; these 
are the f«ptic glands that secrete the 
gastric juice. At the lower end of the 
gastric sac is developed the valve that 
separates it from the duodenum (the 
pylorus. Fig 349 d) 

Underneath the stomach there now 
devciopcs the disproportionately long 
stretch of the small intestine. The 
development of this section is very simple, 
and consists essentially in an extremely 
rapid and considerable growth length- 
ways. It is at first very short, quite 
straight, and simple. But immediately 
behind the stomach we find at an early 
stage a horseshoe-shaped bend and loop 
of the gut, in connection with the sever- 
ance of the alimentary canal from the 
yelk-sac and the development of the first 
mesentery. The thin delicate membrane 
that fastens this loop to the ventral side 
of the vertebral column, and fills the inner 
bend of the horseshoe formation, is (he 
first rudiment of the mesentery (Fig. 

We find at an early sti^c a con- 
siderable growth of the small intestine ; 
it is thus forced to coil itself in a number 
of loops. The various sections that we 
have to distinguish in it are dilfcrentiated 
in a very simple wav — the duodenum 
(next to the stomach), the succeeding lonff 
jejunum, and tlie last section of the smafl 
intestine, the ileum. 
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From the duodenum are developed the 
two large glands that \^e have already 
mentioned— the liver and pancreas. The 
liver appears first in the shape of two 
small sacs, that are found to the right and 
left immediately behind the stomach (Figs. 
35.1 /> 354 *f> many of the lower Verte- 

brates they remain separate for a long 
time (in the Myxinoldes throughout life), 
or arc onl) imperfectly joined. In the 
higher Vertebrates they soon blend more 
or less completely to form a single large 
organ. The growth of the liver is veiy 
brisk at first. In the human embryo it 
grows so much in the second month of 
development that in the third it occupies 
by f.ir the greater part of the body-cavit) 
(Fig. 357) At first the two halxes 
develop equally ; afterwards the left falls 
far behind the right In consequence of 
the unsymmetneal development and turn- 
ing of the stomach <ind other abdominal 
Mscer.a, the whole liver is now {xushed to 
the right side Although the lix’cr does 
not afterwards grow so disproportionately, 
it IS comparatively larger in the embryo 
at the end of pregnancy titan in the adult. 
Its weight relatively to' that of the whole 
body is I . 36 in the adult, and i : 18 in ! 
the cmbrxo. V Hence it is very important ■ 
nhx siolog'ically during embryonic life , it ! 
IS chiefly concerned in the formation of 
blood, not so much in the secretion of 
bile. 

Immediately behind the liver a second 
large xisccral gland developes from the 
du^enunt, the pancreas or sweetbread. 
It is w<inting in most of the lowest classes 
of Vertebrates, and is first found in the 
fishes. This organ is also an outgrowth 
from the gut. 

The last section of the alimentary canal, 
the large intestine, is at first in the 
embryo a very simple, short, and straight 
tube, which opens behind by the anus. It 
remains thus throughout life in the lower 
Vertebrates. But it grows considerably 
in the mammals, coils into various folds, 
and divides into two sections, the first and 
longer of which is the colon, and the 
second the rectum. At the beginning of 
the colon there is a valve ( vanmla Bau- 
htnt ) tliat separates it from the small 
intestine. Immediately behind this there 
is a sac-like growth, which enlarges into 
the coecum (Fig. 357 v). In the plant- 
eating mammals this is very huge, but it 


is ve^ small or completely atrophied in 
the flesh-eaters. In man, and most of 
the apes, only the first portion of the 
caecum is wide ; the blind end-part of it 
is very narrow, and seems later to be 
merely a useless-appendage of the former. 
This “vermiform appendage” is very 
interesting as a rudimentary organ. The 
only significance of it in man is that not 
infrequently a cherry-stone or some other 
hard and indigestible miatter penetrates 
into its na^ow cavity, and by setting up 
inflammation and suppuration causes the 
death of otherwise sound men. Teleo- 
logy has gp-eat difficulty in giving a 
rational explanation of, and attributing 
to a beneficent Providence, this dreaded 
appendicitis. In our plant-eating ances- 
tors this rudimentaiy organ was much 
larger and had a useful function. 

Finally , we have important appendages 
of the alimentary tube in the bladder and 
urethra, which belong to the alimentary 
system. These urinary organs, acting as 
reservoir and duct for the urine excreted 
by the kidneys, originate from the inner- 
most part of the allantoic pedicle. In the 
EHpneusts and Amphibia, in which the 
allantoic sac first makes its appearance, 
it remains within the body-cavity, and 
functions entirely as bladder. But in all 
the Amniotes it grows far outside of the 
body-cavity of the embryo, and forms the 
large embryonic “ primitive bladder,” 
from which the placenta developes in the 
higher mammals. This is lost at birth. 
But the long stalk or pedicle of the allan- 
tois remains, and forms with its upper 
part the middle vesico-umbilical ligament, 
a rudimentarv’ organ that goes in the 
shape of a solid string from the vertex of 
the bladder to the navel. Tlie lowest part 
of the allantoic pedicle (or the " urachus ”) 
remains hollow, and forms the bladder. 
At first this opens into the last section of 
the gut in man as in the lower Verte- 
brates , thus there is a real cloaca, w hich 
takes off both urine and excrements. 
But among the mammals this cloaca is 
only permanent in the Monotremes, as it 
is in all the birds, reptiles, and amphibia. 
In all the other mammals (marsupials and 
placentals) a transverse p^ition is after- 
wards formed, and this separates the uro- 
genital aperture in front from the anus- 
onening behind. (Cf. p. 249 and Chapter 
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Chapter 
EVOLUTION OF THE 

The use that we have hitherto made of , 
our bii^enetic law will give the reader an 
idea how far we may trust its guidance in 
phyloTOnetic investigation. This differs 
considerably in the various systems of • 
organs ; the reason is that heredit)' and 
\ariability have a very different range in 
these systems. While some of them Taith- 
fully preserve the original palingenetic 
development inherited from earlier animal 
ancestors, others show little trace of this ■ 
rigid hcr^ity ; they are rather disposed 
to follow new and divergent cenogenetu 
lines of development in consequence of 
adaptation. Tnc organs of the first kind . 
represent the consensittve element in the 
multicellular state of the human frame, ' 
while the latter represent the pro^esswe \ 
element. The course of historic develop- . 
ment is a result of the correlation of the | 
two tendencies, and they must be care- ■ 
fulh' distinguished. | 

There is perhaps no other system of 
organs in the human body in which this 
is more necessary than in that of which 
we arc now going to consider the obscure 
development — the vascular system, or 
apparatus of circulation. If we were to 
draw our conclusions as to the original 
features in our earlier animal ancestors 
solely from the phenomena of the develop- 
ment of this sjstcm in the embr>oof man 
and the other higher Vertebrates, we 
should be wholly misled. By a number 
of important embryonic adaptations, the 
chief of which is the formation of an 
extensive food-} elk, the original course 
of the development of the vascular system 
has been so much falsified and curtailed 
5 higher Vertebrates that f. 
nothing now remains in their embiyology 
of some of the principal phylogenetic 
features. We should be quite unable to 
explain these if comparative anatomy 
and ontogeny did not Come to our assis- 
tance. 

an and all the 
apparatus of 


XXVIII. 

VASCULAR SYSTEM 

cavities filled with juices or cell-containing 
fluids. These “ vessels ” ( vascula ) play 
an important part in the nutrition of the 
body. They n^ly conduct the nutritive 
red blood to the various parts of the body 
(blood-vessels) ; partly absorb from the 
gut the white chyle formed in digestion 
^hylc-vessels) ; and partly collect the 
used-up juices and convey them away 
from the tissues (lymphatic vessels). 
W'lth the latter are connected the lar^ 
cavities of the body, especially the body- 
cavity, or cceloma. The lymphatic vessels 
conduct both the colourless lymph and 
the white ch} Ic into the venous part of 
the circulation. The lymphatic glands 
act as producers of new blood-cells, and 
with them is associated the spleen. The 
centre of movement for the circulation of 
the fluids is the heart, a strong muscular 
sac, which contracts regularly and is 
equipped with valves like a pump. This 
constant and steady circulation of the 
blood makes prasible the complex meta- 
bolism of the higher animals. 

But, however important the vascular 
system may be to the more advanced and 
larger and highly-diflerentiated animals, 
it is not at all so indispensable an element 
of animal life as is commonly supposed. 
The older science of medicine regarded 
the blood as the real source of life. Even 
in the still prevalent confused notions of 
heredity the blood plays the chief part. 
People speak generally of full blood, half 
blood, etc., and imagine that the here- 
ditary transmission of certain characters 
“lies in the blood.” The incorrectness of 
these ideas is clearly seen from the fact 
that in the act of generation the blood of 
the parents is not directly transmitted to 
the offspring, nor does the embryo possess 
blood in its early stages. We have 
already seen tliat not only the differentia- 
tion of the four secondary germinal la}^er^ 
but also the first structures of the princi- 
pal organs in the embrv'o of aU the Verte- 
brates, take place long before there is any 
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trace of the vascular system — the heart 
and the blood. In accordance with this 
ontogenetic fact, we must regard the 
vascular system as one of the latest 
oi^ans from the phylogenetic point of 
view, just as we have found the alimentary 
canal to be one of the eai ‘ 

, jjstem is much later 

than the alimentaiy. 

The important nutritive fluid that 
circulates as blood and lymph in the 
elaborate canals of our vascular system 
is not a clear, simple fluid, but a very 
complex chemical juice with millions of 


The red colour of tlie blood is caused by 
the great accumulation of the former, 
the others circulate among them ir 
, itity. When th< 
mrless cells increase at the expense of 
‘ 'a (or chlorosis). 

The lymph-cells ( leucocytes ), commonly 
called the ‘White corpuscles” of the blood, 
are phylogenetically older and more 
widely distributed in the animal world 
than the red. The great majori^ of the 
Invertebrates that have acquired an 
independent vascular system Imve only 
colourless lymph-cells i" 



Fia 3sa 



Fic. 359 


irater4nlaiiiander^rn<oi<A A frog. 7 mo-hn 1 


A capillarjr from the iiieKBtay . vucular 


cells floating in it. These blood-cells are 
just as important in the complicated life 
of the higher animal body as the circula- 1 
lion of money is to the commerce of a ' 
civilised community. Just as the citizens 
meet their needs most conveniently by ; 
mc^s of a financial circulation, so the . 
various tissue -cells, the microscopic 
citizens of the multicellular human body, 
have their food conveyed to them best by 
the circulating cells in the blood. Tliese 
blood cells (heemocytesl are of two kinds 
in man and all the other Craniotes — red 
cells ( rhodocytes or erythrocytes ) and 
colourless or lymph cells (leucocytes). 


fluid. There is an exception in the 
Ncmertines (Fig. 358) and some groups 
of Annelids. When we examine the 
colourless blood of a cray-fish or a snail 
(Fig 358) under a high power of the 
microscope, we find in each drop numbers 
of mobile leucocytes, which behave just 
like independent Amoebae (Fig 17). Like 
these unicellular Protozoa, the colourless 
blood-cells creep slowly about, their un- 
shapely plasma-body constantly changing 
its form, and stretching out finger-like 
processes first in one direction, then 
another. Like the Amoebae, they take 
particles into their cell-body. On account 
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of this feature these amoeboid plastids are 
called “eating cells” (phagocytes), and 
on account of their motions “ travelling 
cells ” {planocytes J. It has been shown 
by the mscoveries of the last few decades 
that these leucocjtes are of the greatest 
physiological and pathological conse- 
quence to the organism. They can 
absorb either solid or dissolved particles 
from the wall of the gut, and convex them 
to the blood in the chv le , they can absorb 
and remove unusable matter from the 
tissues. When they pass in large quanti- 
ties through the fine pores of the capil- 
laries and accumulate at irritated spots, 
they cause inflammation. _ They can con- 
sume and destroy bacteria, the dreaded 
vehicles of infectious diseases ; but they 
can also transport these injui lous Moncra 
to fresh regions, and so extend the sphere 


gtobin Jis regularly distributed in tlie pores 
of their protoplasm. The red cells of 
most of the Vertebrates are elliptical flat 
disks, and enclose a nucleus of the same 
shape , they differ a good deal in size 
(Fig. 358). The mammals arc distin- 
guished from the other Vertebrates by the 
circular form of their biconcave red cells 
and by the absence of a nucleus (Fig i) ; 
only a few genera still have the elliptic 
form inherited from the reptiles (Fig. 2). 
In the cmbiy'os of the mammals the red 
cells have a nucleus and the power of 
increasing by cleavage (Fig 10). 

The origin of the blood-cells and vessels 
in the embrvo, and their relation to the 
germinal lavers and tissues, are among 
the most difficult problems of ontogeny — 
those obscure questions on which the 
most divergent opinions are still advanced 



Fkj. jSol— Transverse sscUon of tbe trunk or a oMck-embryo. fort}'4ivc n 
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of infection. It is probable that the I 
sensitive and travelling leucocj'tes of our | 
invertebrate ancestors have powerfully 
co-operated_ for millions of years in the 
phylogenesis of the advancing animal 
or^nisation. 

■^e red blood-cells have a much more re- 
stricted sphere of distribution and activity. 
But they also are very important in con- 
nection with certain functions of the ' 
craniote - organism, especially the ex- | 
change of gases or respiration. The cells ' 
of the dark red, carbonised or venous, I 
blood, which have absorbed carbonic acid 
from the animal tissues, give this off in 
the respiratory organs ; they receive 
instead of it fresh oxygen, and thus bring 
about the bright red colour that distin- 
guishes oxydised or arterial blood. The 
red colouring matter of the blood fkamo- 


by the most competent scientists. In 
general, it is certain that the greater part 
of the cells that compose the vessels and 
their contents come from the mesoderm — 
in fact, from the gut-fibre layer ; it was 
on this account that Baer gave the name 
of “ vascular layer ” to this visceral layer 
of the cveloma. But other important 
observers say that a part of these cells 
come from other germinal la)’crs, espe- 
cially from the gut-gland layer It seems 
to be true that blood-cells may be formed 
from the cells of the entoderm before the 
development of the mesoderm. If we 
examine sections of chickens, the earliest 
and most familiar subjects of embryology, 
we find at an early stage the “ primitive 
aortas ” we have already described (Fig. 
360 ao) in the ventral angle between the 
episomaf'/V^andhypo8oma^5^^. The 
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thin wall of these first vessels of the 
ainniote embryo consists of flat cells 
(endotheha or inzscular eptihehaj; the 
fluiJ within already contains numbers of 
red blood-cells ; both ha\e been developed 
from the put-fibre laver. It is the same 
with the vessels of tlie penninativc area 
(Fip 361 v), which lie on the entodermic 
membrane of the yelk-sac f cj Tliese 

features are seen still more clearly in the 
transverse section of the duck-embryo in 
P'K- >52 (P hO- In this we see clearly 
how a number of stellate cells proceed 
from the “ va^ular layer” and spread in 
all directions in the “pnmary body-cavity” 
— f e , in the spaces Iwtween the perminal 
layers. A part of these tra\eHinp cells 
come together and line the wall 
of the larger spaces, and thus 
form the first vessels , others enter 
into the cavity, h\e in the fluid 
that fills it, and multiply by cleav- 
age— the first blood-cells. 

But, besides these mcsodermic 
cells of the “vascular layer” 
proper, other travelling cell's, of 
which the origin and purport are 
still obscure, take part in the 
formation of blood in the mero- 
blastic Vertebrates (especially 
fishes). Tlio chief of these 
those that Kuckert has most aptly 
denominated “ mcrocy tes. ” These 
“ eating yelk-cells ” 'are found in 
l.arge numbers in the food-yelk of 
the Sclnchii, especially in the velk- 
wall— the border zone of' the 
germinal disk in which the em- 
bryonic vascular net is first 
developed. The nuclei of the 
merocytes become ten times as 
large as the ordlnaiy cell-nucleus, 
and arc distinguished by their 
strong capacity for taking colour, or 
their special richness in chromatin. 
Tlieir protoplasmic body resembles the 
stellate cells of osseous tissue (astro- 
cytes), and behaves just like a rhizo- 
pixl (such as Gromia) ; it sends out 
numbers of stellate processes all round, 
which r.imify and stretch into the sur- 
rounding food-yelk. Tliese variable and 
very' mobile processes, the pseudopodia of 
the merocy'tes, serve both for locomotion 
and for getting food ; as in the real 
rhi/opods,they surround the solid particlc.s 
of food (granules and plates of yelk), and 
accumulate round their nucleus the food 
they have received and digested. Hence 
we may regard them both as eating-cells 


( phagocytes ) anJi travelling-cells (plano- 
cy/es J Their lively nucleus divides 
quickly and often rej^tedly, so that a 
number of new nuclei are formed in a 
short time; as each fresh nucleus sur- 
rounds itself with a mantle of protoplasm, 
it provides a new cell for the construction 
of the embryo. Their origin is still much 
disputed. 

Half of the twelve stems of the animal 
world have no blood-vessels. T^ey make 
their first appearance in the Vermalia. 
Their earliest source is the primary body- 
cavity, the simple space between the two 
primary germinal layers, which is either 
a relic of the segmentation-cavity, or is a 
subsequent formation. Amoeboid plano- 


cytes, which migrate from the entoderm 
and reach this fluid-filled primary cavity, 
live and multiply there, and form the 
first colourless blood-cells. We find the 
vascular system in this very- simple form 
to-day in the Bryozoa, Rotatona, Ncma- 
toda, and other lower Vermalia. 

^e first step in the improvement of 
this primitive vascular .system is the 
formation of larger canals or blood- 
conducting tubes. The spaces filled with 
blood, the relics of the primary body- 
cavity, receive a special wall. “ Blood- 
vessels” of this kind (in the narrower 
sense) are found among the higher worms 
in various forms, sometimes very simple, 
at other times very complex, '^c fiwm 
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that was probably the incipient structure I 
of the elaborate vascular system of the 
Vertebrates (and of the Articulates) is | 
found in two primordial principal vessels 
— a dorsal vessel in the middle line of the 
dorsal wall of the gut, 
and a ventral vessel that 

niddle line of ii 
mtral \ 

dorsal vessel is evolved 
the aorta (or principal 
artery), from the ventral 
\essel the principal or 
subintestinal vein. The 
two vessels are connected 
in front and behind by 
a loop that runs rounQ 
the gut. The blood con- 
tained in the two tubes 
is propelled by their peri- 
staltic contractions. 

The earliest Vernialia 
in which we first find this 
independent vascular 

ethe Ncmcrtma 

(Fig. 2+t). As a rule, 
the) ha\e three parallel 
longitudinal \cssels con- 
nected by loops, a single 
dorsal \esscl above the 
of lati 
right and 

ontai i^eSfSf of 

-- . Annelid <!>». Ncmertina the blood is 
d'doi^ already coloured, and the 
vOTuS colouring matter is 

veMei,ctrai»verw real haemoglobin, con- 
nected with elliptical dis- 
of hart). The coid cells, as in the Verte- 
ihT^rertl^r^if brates. The further evo- 
th^ flo^nS^UiMd. lution of this rudimenUry 
(From Cegem- vascular ^tem can be 
gathered from the class 
of the Annelids in which 
we find it at various stages of develop- 
ment. First, a number of transxerse 
connections arc formed between the 
dorsal and ventral vessels, which pass 
round the gut ring-wise (Fig. 362). 
Other vessels grow into the body-wall and 
ramify in order to convey blood to it. In 
addition to the two large vessels of the 
middle plane there are often two lateral 
vessels, one to the ri^ht and one to the 
left ; as, for instance, in the leech. There 
are four of these parallel longitudinal 
vessels in the Enteropneusts ( Balano- 
Mostui, Fig. 245). In these important 
Vemmlia the foremost section of uie gut 


has already been converted into a gill- 
crate, and the vascular arches that rise in 

the wall of this fro __ . . .... 

dorsal sessci have become- branchial 
.ressels. 

We have a further important advance 
n the Tunicates, which we have reci^- 
lised as the nearest blood-relatives of our 
»rly vertebrate anct 

eal heart— I.C., a 
central organ of circulation, driving the 
blood Into the vessels by the regular 
contractions of its muscular wail. It is 
of a very rudimentar)' character, a spindle- 
shap^ tube, passing at both ends into a 
principal vessel (Fig. 221). By its original 
position behind the gill-i 

■ ■ ■ ' ‘ ■ s (sometimes 

TC, sometimes less, forward), the heart 
ws ctearl) that it has been formed by 
local enlargement of a section of the 
tral vessel. We have alrc.ady noticed 
remarkable alternation of the dircc- 
of the blood stream, the heart driving 

I. 190), Tills isver) instructive, because 
most of the worms (even the Entero- 
leust) the blood in the dorsal vessel 
avcis from back to front, but in the 
ertebrates in the opposite direction. As 
e AseiJia-heart alternates steiulil) from 
le direction to the other, it shows us 
•rmanently, in a sense, the ph)logene(ic 
ansition from the earlier forward direc- 
>11 of the dorsal current (in the worms) 
the new backw'ard direction (m the 
ertebrates). 



Fio 363.— Head of a flsh-embpyo, with mdimen. 
Uiy vaiicuUr syntem, from the left me Cuviers duct 
OuncUire of the untenor and poalcnor nmirmal vmimI 
^cfKNie nnua (enlanred end of C 

- of brt 

pn-defU (artenal archea between), ad aorta, c < 
artery, a aaaal pit. (From Gegeniamr ) 


issels that proceed from ol^r end of 
the tubular licart acquired a fixed function. 
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The foremost section of the ventral 
vessel henceforth always conveys blood 
from the heart, and so acts as an artery ; 
the hind section of the same vessel brings 
the blood from the body to the heart, and 
so becomes a vein. In view of their 
relation to the two sections of the gut, a 
may J1 the latter the intestinal vein | 
and the former the branchial artery. The 
blood contained in both vessels, and alsi 
in the heart, is venous or carbonised 
blood— rich in carbonic acid ; on the 
other hand, the blood t‘ 
the gills into the dorsal vessel is provided 
with fresh oxygen — arterial or oxydised ; 
blood. The finest branches of the arteries 


I blood gathers in a ventral 
sel under the gut (intestinal vein), and 
goes b^k to the ^Is. A number oi 
branchial vascular arches, which effect 
aspiration and rise in the wall of the 
branchial gut from belly to back, absorb 
->xygen fr - I' . * ' 

carbonic acid ; they c 

with the dor^ vessel. As the i 

ion of the ventral vessel, which also 
orms the heart in the Craniotes, has 
leveloped in the Ascidia into a simple 

.ubular heart, we may regard the 

of this in the Amphioxus as a result of 
degeneration, a return in this case t 
earlier form of the vascular system, 2 



Fw. 365. 


Fu 366. 


pohM of the Craniotes ( ” 


cry (fomnoKt cuntinustioa oT the route of Uie aorta). (From Rathk* 

Fm. 363.— The five arterial arches of the Wrds ; the h^ter paite of the etructure daamear only the 

shaded ports renuun. Letters as in Fi(r j6i. s subdaviao arteries, > pulmonary artery, > branches of same, s' 
outer carotaLr^moercarobd. (From^Ue) 

Fia 366.— The live arterial erohes of mammals : letters as m Fig. 363. v vertebral artery, i BotalTs 
duct (open m the embryo, closed aftemrards) (FromArCAis) 


and veins p-oss into each her in the 
tissues by means of a net >rk of veir 
fine, ventral, hair-like vessels, or capil- 
laries (Fig. 359). 

When we turn from the Ti cates to 
the closely-related Amphioxus we are 
astonished at first to find an apparent 
retrogression in the formation of the 
vascular system. As we have seen, the 
Amphioxus has no real heart ; its colour- 
less blcxxl is driven along in its vascular 
system by the principal vessel itself, 
which contracts regularly in its whole 
length (cf. Pig. aio). A dorsal \essei 
that lies above tht. gut (aorta) receives 
the arterial blood from the ^lls and drives 
it into the body. Returning from here. 


find it in many of the 

assume that the .\c really 

belong to our ancestral d not 

J .l.ls retrogression, but inherited the 

one-chamber^ heart of the Prochordonia, 
and transmitted it directly to the earliest 
Craniotes (cf. the ideal Primitive Verte- 
brate, Pmspondylus, Figs. 9S-10S). _ 

The further phylo^netic evolution of 
the vascular system is revealed to us by 
the comparativ e anatomy of the Craniotes. 
At the lowest stage of this ^oup, in the 
Cyclostomes, we find for the first time the 
differentiation of the vasorium into two 
sections : a S3fStem of blood-vessels proper, 
which convey the nd blood about the 
body, and a system of lymphatic vessels, 
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which absorb the colourless lymph from | 
the tissues and convey it to the blood . 
The lymphatics that absorb from the jfut I 
and pour into the blood>stream the milky | 
food-fluid formed by digestion are distin- j 

sels.” ^While the chyle is i 

> high proportion of fatty 
articles, the Konpli proper is colourless. | 
Both chyle and lymph contain the colour- . 
less amoeboid cells (leucocytes, Fig. 12) 
that we also find distributed in the | 
blood as colourless blood-cells (or “ white 
corpuscles ”) ; but the blood also contains 
a much larger quantity of red ceils, and 
these give its characteristic colour to the 
blood of the Craniotes (rhodocytes. Fig ' 
358). The distinction between lymph, | 
chyle, and blood-\essels which is found in j 
all' the Craniotes may be regarded as an | 


receives the venous blood from the bixly 
and passes it on to the anterior section, 
the ventricle. From this it is driven 
through the trunk of the branchial artery 
(the foremost action of^ the ventral vessel 

the Selachii an arterial > 
developed from the foremost end of the 
ventricle, as a special div ision, cut off by 
valves It passes into the enlarged base 
of the trunk of the branchial artery (Fig. 
363 abr). On each side 5-7 arteries 
proceed from it. These rise between the 
gill-clefts (sjon the gill-arches, surround 
the gullet, and unite above into a common 
trunk-aorta, the continuation of which 
over the gut corresponds to the dors<il 
vessel of the worms. As the curved 
arteries on the gill-arches spread into a 
network of respiratory capillaries, they 



outcome of division of labour between ' 
various sections of our originally simple 1 
vascular system In the Gnath'ostomes 
the spleen makes its first appearance, an ' 
organ rich in blood, the chief function of 
which is the extensive formation of new 
colourless and red cells. It is not found 
in the Acrania and Cyclostomes, or any of 
the Invertebrates. It has been trans- 
mitted from the earliest fishes to all the 
Craniotes. 

^ The heart also, the central organ of | 
circulation in all the Craniotes, shows an , 
advance in structure in the Cyclostomes. 
The simple, spindle-shaped heart-tube, 
found in the same form in the embryo of 
all the Craniotes, is divided into two 
sections or chambers in the Cyclostomes, 
and these are separated by a pair of 
valves. The hind section, the auricle. 


contain venous blood in their low'cr part 
(as arches of the branchi.il artery) and 
arterial blood in the upper part (as 
arches of the aorta) The lunctures of 
the various aortic arches on the right and 
left are called the routs of the aorta. Of 
an originally large number of aortic 
arches there remain at first six, then 
(owing to degeneration of the filth arch) 
only five, pairs ; and from these five pairs 
(Fig. 364) the chief parts of the arterial 
system develop ip all the higher Verte- 
brates. 

The appearance jf the lungs and the 
atmospheric respiration connected there- 
with, which we first meet in the Dipneusts, 
is the next important step in vascular 
evolution. In the Dipneusts the auricle 
of the heart is divided by an incomplete 
partition into two lialves. Only the right 
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w receives the venous blood fro 
of the body. The left £ 
receives the arterial blood from the pul- 
monary veins. The two auricles ha 

common opening into the simple ventricle. 



Fia 371 —Heart of a rabbit-embryo, from be- 
hind a 1 itcUine veina. h aundeii of the hoirt. c atnum, 
d ventricle, e arterial bulb, /baae of the three paira of 
arterial arches. (From Bttchafi ) 

^ Fia^a— Heart ®^the same embi7o (Fig 37^1), 

canal. / h.t ventricle, r right ventn^, /a artci^ bulb 


'here the two kinds of blood 1 

„ il cone or | 

bulb into the arterial arches From the 
last artcri.il arches the pulmonary arteries 
arise (Fig 365 f). These force a part of 
the mixed blood into the lungs, the other 
part of It going through tlie aorta into 
the body 

From the Dipneusts upwards we now 
trace a progressive development of the 
vascular system, whicli ends finally with 
the loss of branchial respiration and a 
complete separation of the two halves of 
the circulation In the .Amphibia the 
partition between the two auricles is com- 

f 'lcte. In their earlier stages, as tadpoles 
Fig 262), they have still the branchial 
respiration and the circulation of the 
fishes, and their heart contains venous 
blood alone. Afterwards the lungs and 
pulmonary vessels are developed, and 
henceforth the ventricle of the heart con- 
tains mixed blood In the reptiles the 
ventricle and its arterial cone begin to 
divide into two halves by a longitudinal 
partition, and this partition becomes com- 
plete in the higher reptiles and birds on 
the one hand, and the stem-forms of the 
mammals on the other. Henceforth, the 
right half of the heart contains only 
venous, and the left half only arterial, 
blood, as we find in all birds and mam- 
mals. The right auricle receives its car- 
bonised or venous blood from the veins of 
the body, and the right ventricle drives it 


3?S 

through the pulmonary arteries into the 
lungs From here the blood returns, as 
oxydised or arterial blood, through the 
pulmonary veins to the left auricle, and is 
forced by the left ventricle into the arteries 
of the body. Between the pulmonary 
arteries and veins is the capillary system 
of the small or pulmonary circulation. 
Between the body-arteries and veins is 
the capillary ^tem of the large or body- 
circulation. ft is only in the two highest 
classes of Vertebrates — the birds and 
mammals — that we find a complete divi- 
sion of the circulations. Moreover, this 
complete separation has been developed 
quite indei^ndently in the two classes, as 
the dissimilar formation of the aortas 
shows of itself. In the birds the right 
half of the fourth arterial arch has become 
the permanent arch (Fig. 365). In the 
mammals this has b^n developed from 
the left half of the same fourth arch (Fig. 
366)- 

If we compare the fully-developed 

terial svstem of the various classes of 
shows a good deal of variety, 
yet it always process from the sai 
fundamental type Its development 



Fio 373. Fio 374. 


37|:— Heart^i 

j«w, t pnmitiTe upper ;«*, / gffl- 
,, -icle. 4lSl«unde,ri5t vendyi.* 


just the same in man as in the other 
mammals ; in particular, the modification 
of the six pairs of arterial arches is the 
in both (FiM, 367-370). At first 
there is only a sin^e pair of arches, which 
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develop a second and third pair of arches 
(Ijring on the inner side of the second and 
third gill-arches, Fig. 367). Finally, we 




Flo 377— Heart of a human embryo, eifcht wed 

old. > lew o' left aunde. e" neht auocle, ^ le 
ventnelo f nght ventncle. of nght eupenor Ten 


get a fourth, fifth, and sixth pair. Of 
the six primitive arterial arches of the 
Amnintes three soon pass away (the first, 
second, and fifth) , of the remaining three, 
the third gives the carotids, the fourth the 
aortas, and the sixth (number 5 in Figs. 
36^nd 368) the pulmonary arteries. 

The human heart also dcvelopes in just 
the same way as that of the other mam- 
mals (Fig. 378). We have already seen 
the_ first rudiments of its embiyology, 
which in the main corresponds to its 
ph> logeny (Figs. 201 , 20a). We saw that 
the palingenetic form of the heart is a 
spindle-shaped thickening of the gut-fibre 
Im-er in the ventral wall of the head-gut. 
Tile structure is then hollowed out, forms 
a simple tube, detaches from its place of 
origin, and henceforth lies freely in the 
rardiac cavity. Presently the tube bends 
into the shape of an S, and turns spirally 
on an imaginary axis in such a way that 


the hind part comes to lie on the dorsal 
surface of the fore part The united 
vitelline veins open into the posterior end. 
From the anterior end spring the aortic 
arches. 

This first structure of the human heart, 
enclosing a very simple cavity, corre- 
sponds to the tunicate-heart, and is a 
repr^uction of that of the Prochordonia, 
but it now divides into two, and subse- 
quently into three, compartments; this 
reminds us for a time of the heart of the 
Cxclostomcs and fishes The spiral turn- 
ing and bending of the heart increases, 
and at the same time two transverse con- 
strictions appear, dividing it externally 
into three sections (Figs 371, 372) The 
I foremost section, which is turned towards 
the ventral side, and from which the 
.lortic arches rise, reproduces the arterial 
bulb of the Selachii The middle section 
Is a simple ventricle, and thci hindmost, 
the section turned towards the dorsal side, 
into which the vitelline veins inosculate, 
IS a simple auricle (or atnum). The latter 
forms, like the simple atrium of the fish- 
heart, a nair of lateral dilatations, the 



auricles (Fig 371 ^) ; and the constriction 
between the atrium and ventricle is called 
llie auricular canal (Fig. 372 ea). The 
heart of the human embiyo is now a com- 
plete fish-heart. 
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In perfect harmony with its phytogeny, The heart of all the Vertebrates belongs 
the embryonic development of the human orinnally to the hyMsoma of the head, 
heart shows a gradual transition from the and we accordingly find it in the embryo 
fish-heart, through the amphibian and of man and all the other Amniotes right 
reptile, to the mammal form. The most in front on the under-side of the head ; 
important point in the transition is the just as in the fishes it remains perma* 
formation of a longttud , nently in front of the gullet. It afterwards 

ifierwards c ' • • ■ -unk, with the a ‘ 

, . . ipment of the 

of the heart into right (venous) and left breast, and at last reaches the breast, 
(arterial) halves (cf. Figs. 373-378). The between the two lungs. At first i 
separate-* - "ight and left svmmetrically in the middle plar 
half, each of ivhich absorbs ' body, so that its long axis corresponds 

sponding auricle , into the right aurich . . » . 

open the body-veins (upper and lowei 

vena cava. Figs 375 c, 377 c) ; the left 1 j dtion. But in the apes the axis begins 
auricle receives the pulmonary veins. In t be oblique, and the ape:^ of the heart 
■ superficial ‘ entncular | to move vards the left side. The dis- 



furiow is soon seen in the ventricle (Fig 
376 s) This IS the external sign of the 
internal partition by which the ventricle 
is divided into two — a nght \enous and 
left arterial ventricle. Finally a longi- 
tudinal partition is formed in the third 
section of the primitive fish-like heart, 
the arterial bulb, externally indicated by 
a longitudinal furrow (Fip. yjbaf). Tlie 
cavity of the bulb is divided into two 
lateral halves, the pulmonary-artery bulb, 
lliat opens into the right ventricle, and 
the aorta-bulb, that opens into the left 
ventricle. When all the partitions arc 
complete, the small (pulmonary) circula- 
tion IS distinguished from the large (body) 
circul.ition ; the motive centre of the 
former is the right half, and that of the 
latter the left ludf, of the heart 


placement is greatest in the anthropoid 
apes — chimpanzee, gorilla, and orang — 
which resemble man in this 
•As the heart of all Vertebrates is origi- 
nally, in the light of phylogeny, only a 
local enlargement of the middle principal 
vein, it is in perfect accord with the 
biogenetic law that its first structure in 
the embryo is a simple spindle-shaped 
tube in the ventral wall of the head-gut. 
A thin membrane, standing ' ‘itically i: 
niddle plane, 

' ' II of the head-^ut 

with the lower head-wall. Ar ' — 

tube extends and detaches from the gut- 
w.»ll, it divides the mesocardium into an 
upper (dorsal) and lower (ventral) plate 
(usually called the mesocardium antenus 
and posterius in man. Fig. 379 ukg). The 
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mesocardiutn di\ ides two lateral cavities, 
Remak’s “ neck-cavities ” (Fig. 379 kh). 
These cavities afterwards join and form 
the simple pericardial cavity, and are 
therefore called by Kolliker the “primi- 
ti\e pericardial cavities ” 

The double cervical cavity of the 
Amniotes is very interesting, both from 
the anatomical and the evolutionary 
point of view ; it corresponds to a part of 
the hyposoinites of the head of the lower 
Vertebrates — that part of the ventral 

!_m-pouch._ !.L' — ... 

Wijhe’s “visceral cavities ” below. Each 
>f the cavities still communicates freely 
behind with the two coelom-pouchcs of 



the trunk ; and, just as these afterwards 
coalesce into a simple bod^-cavity (the 
ventral mesentery disappearing), we find 
the same thing rappenin^ in the head. 
This simple primair pencardial cavity 
has been well called by Gegenbaur the 
“head-cceloma,” and by Hertwig the 
“pericardial breast-cavity.” As it now 
encloses the heart, it may also be called 
cardwctel. 

The cardioccel, or head-coelom, is often 
disproportionately large in the Amniotes, 
the simple cardiac tube growing consider- 
ably and lying in several folds. Thb 
causes the ventral wall of the amniote 

«mhrm hptwMm fliA hMil ami thA havaI 


to be pushed outwards as in rupture (cf. 
Fig. 180 A). A transverse fold of the 
ventral wall, which receives all the vein- 
trunks that open into the heart, grows up 
from below tetwecn the pericardium and 
the stomach, and forms a transverse par- 
tition, which is the first structure of the 
primary diaphragm (Fijj. 380 d) Tliis 
important muscular partition, which com- 
pletely separates the thoracic and abdomi- 
nal cavities in the mammals alone, is still 
very imperfect here ; the two cavities still 

als. These canals, which belong to 
dorsal part of the head-coelom, and 
ch we may call briefly pleural ducts, 
...rive the two pulmonar) sacs, w'hich 
develop from the hind end of the ventral 
wall of the head-gut ; they thus become 
the tw'o pleural cavities. 

The diaphragm makes its first appear- 
.tnee in the class of the Amphibia (in the 
salamanders) as an insignificant muscular 
ansverse fold of the ventral wall, which 
..ses from the fore end of the transverse 
abdominal mu.scic, and grows between 
the pericardium and the liver In the 
reptiles (tortoises and crocodiles) a later 
dorsal part is joined to this earlier vxntral 
part of the rudimentary diaphragm, a 
pair of subvertebral muscles rising from 
the vertebral column and being added as 
“columns” to the transverse partition. 
But It W'as probably in the Permian saurc- 
mammals that the two originally separate 
parts were united, and the diaphragm 
became a complete partition between the 
thoracic and abdominal cavities in the 
mammals ; as it considerably enlarges 
the chest-cavity when it contracts, it 
becomes an important respiratory muscle. 
The ontogeny of the diaphragm in man 
and the other mammals reproduces this 
phylogenetic process to-day, in accordance 
with the biogenetic law , in all the 
mammals the diaphragm is formed by the 
secondary conjunction of the two origi- 
nally separate structures, the earlier 
ventral part and the later dorsal part. 

Sometimes the blending of the tw'o 
diaphragmatic structures, and consa- 
uently the severance of the one pleural 
uct from the abdominal cavity, is not 
completed in man. This leads to a 
diapnragmatic rupture (hernia dtaphrajp- 
maticaj. The two aavitlos then remain 
in communication by an open pleural 
duct, and loops of the intestine may 
penetrate by this “ n^ure opening ” into 

thA rhASt.mvifv. This is nna nt fhnsA 
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fatal mis-growths that show the great rtebrates that deserves 

part that blind chance has in organic specta In its earliest form the 

development. heart is double, as n 

Thus the thoracic cavity of the mammals, shown, in all the Amniotes, and the 
with its important contents, the heart and simple spindle-shaped cardiac tube, which 

--"j took r- 

point, is only formed at a 
later stage, when the two 
lateral tutes move back- 
wards, touch each other, and 
at last combine in the middle 
line. In man, as in the 
rabbit, the two embryonic 
hearts are still far apart at 
the stage when there arc 
already eight primitive seg- 
ments (Fig. A). So also 
Fm. 381 — Tnuuvena seetloa of tho head of a chlok-embryo, the two coelom-pouches of 
thirty.inx luxira ^ Uiulemrath ^ejtwo pnn^ve tJjg head in which they lie 



tryo developes and detaches 

lungs, belongs originally to the head-part from the embryonic vesicle that the sepa- 
of the vertebrate b^y, and its inclusion in rate lateral structures join together, and 
tlie trunk is secondary. This instructive finally combine in the middle line. As 
and very interesting fact is entirely proved the median partition between the right 
by the concordant evidence of comparathe and left cardiocoel disappears, the two 
anatomy and ontogeny. The lungs are cervical cavities freely communicate (Fig. 
outgrowths of the head-gut ; the heart 381), and form, on the ventral side of the 
developes from its inner wall. The amniote head, a horseshoe-shaped arch, 
picunii sacs that enclose the lungs are the points of which advance backwards 
dorsal parts of the head-coelom, onginat- into the pleuroducts or pleural cavities, 
ing from the pleuroducts ; the pericar- and from there into the two peritoneal 
dium in which the heart afterwards lies is { sacs of the trunk. But even after the 
also double originally, being formed from ' conjunction of the cervical cavities (Fig. 
ventral halves of the head-coelom, which 381) the two cardiac tubes remain sep^te 
only combine at a later stage. 

When the lung of the air- 
breathing Vertebrates issues 
from the head-cavity and enters 
the trunk-cavitv, it follows the 
example of the floating bladder 
of the fishes, which also origi- 
nates from the phary ngeal 
wall in the shape of a small 
pouch-like out-growth, but 
soon grows so large that, in 
order to find room, it has to 



pass far behind into the trunk- Fig. 3B<.-TransTePM lecUon of the cardiac region of tbe 
cavitv. To put it more pre- ^e pWck-embryO (behind the precedm*). in the ranncnl cavity 
..:l..i., l.f«™ -.e it... .......1 heart (h) n lUU connected by a menocard (kr) with the 

Cisely, the lung of the quad- g„t-fib« layer (*/) d gut-gland Uyef. ^ provertebiSI ptate^ A 
rupeds retains tins hereditary mdimentaiv auditory v-eaicle in the homy plate, kf iiiat me of the 


rup^s retains tliis hereditary mdnnentarj 
growth-process of the fishes ; 
tor the hydrostatic floating 
bladder of the latter is the air-filled o^an 
from which Uie air-breathing organ oAlie 
' T has been evolved. 

There is an interesting cenogenetic 
phenomenoTi in the formation of the heart 


at first ; and even after they liave united 
a delicate partition in the middle of the 
simple endothelial tube (Figs. 379 s, 
^2 h) indicates the original semration. 
lliis cenogenetic “primary caraiac sep- 



330 


EVOLUTION OF THE SEXUAL ORGANS 


turn” presenlly iHsappears, and has no 
relation to the subsequent permanent par- 
tition between the halves of the hrart, 
which, as a heritage from the reptiles, 
has a great palingenetic importance. 

Thorough opponents of the biogcnetic 
law have laid great stress on these and | 
similar cenogenetic phenomena, and 
endeavoured to urge them as striking 
disproofs of the law. As in every other , 
instance, careful, discrimin.-iting, com- 
parative-morphological examination con- ^ 
verts these supposed disproofs of evolution ' 
into strong ar^ments in its favour. In 
his excellent work, On the Shucture of 
the Heart in the Amphibia (1886), Carl 
Rabl has shown how c.-isil) these curious ' 
cenogenetic facts can be explained by the . 
secondary adaptation of the embryonic 


structure to the great extension of the 
food-yelk. 

The embryology of all the other parts 
of the vascular system also gives us 
abundant and valuable data for the pur- 
poses of phylogeny. But as one needs 
a thorough knowledge of the intricate 
structure of the whole vascular system in 
man and the other Vertebrates in order 
to follow this with profit, we cannot go 
into it further here. Moreover, m.iny 
important features in the ontogeny of the 
vascular system are still very obscure and 
controverted. The characters of the em- 
bryonic circulation of the Amniotes, vv Inch 
we have previously considered (Chapter 
XV.), are late acquisitions and entirely 
cenogenetic. (Cf. pp. 170-171 , Figs. 
198-202.) 


Chapter XXIX. 
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IF we measure the importance of the 
systems of organs in the animal frame 
according to tlie richness and variety of 
their phenomena and the physiological 
interest that this implies, we must regard 
as one of the principal and most interest- | 
ing systems the one which we are now 
going to examine — the system of the 
reproductive organs. Just as nutrition ' 
IS the first and most urgent condition for 
the self-maintenance of the individual 
organism, so reproduction alone secures 
the maintenance of thespecies — or, rather, 
the maintenance of the long series of 
generations which the totality of the 
organic stem represents in their genea- 
logical connection No individual organ- 
ism has the prerogative of immortality. 
To each ii^ allotted only a brief span of 

liillion-year course of the { 

, oflife. 

Hence, reproduction and the correlative 
phenomenon, heredity, have long been 
regarded, tc^ether with nutrition, as the 
most importont and fundamentol func- 
tions of living things, and it has been 
attempted to distinguish them from “ life- 
less bodies” on this very score. As a 


matter of f.ict, this division is not so 
profound .ind thorough <is it seems to be, 
and is generally supposed to be. I f w e 
examine carefully the nature of the repro- 
ductive process, we soon st>c th.it it can be 
reduced to a genenil property th.it is 
found in inorganic as well as organic 
bodies — growth. Reproduction is a 
nutrition and growth of the organism 
beyond the individu.al limit, which raises 
a part of it into the whole. This is most 
clearly seen when we study it in the 
simplest and lowest org.inisms, especially 
the Monera (Figs. 226-228) and the 
unicellular Amieba: (Fig. 17). There the 
simple individual is a single plastid. As 
soon as it has reached <1 certain limit of 
size by continuous feeding and norm.'il 
growth, it cannot pass it, but divides, by 
•-■"'p'" ‘'•"avage, S"*" hoi, oc 

Each of these halv 
independent life, and gi _ . 
cum icaches the limit of growth, and 
divides. In each of these acts of seif- 
cleavage two new centres of attraction 
are formed for the particles of bodies, the 
foundations of the two new-formed indi- 
viduals. There is no such thing as 
immortality even in these unicellulars, 
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The individual as such is annihilated in 
the act of cleavage (cf. p. 48). 

In many other Protozoa reproduction 
takes place not by cleavage, but by budding 
(gemnration). In this case the growth 
that determines reproduction is not total 
(as in segmentation), but partial. Hence 
111 gemmation also we may oppose the 
l(X.ai growth-product, that becomes a new 
individual in the bud, ns a child-organism 
to the parent-organism from which it is 
formed. The latter is older and larger 
than the former. In cleavage the two 

f iroducts are equal in age and morpho- 
ogical value. Next to gemmation we 
have, as other forms of asexu.il reproduc- 
tion, the forming of embrjoiiic buds and 
the forming of embryonic cells But the 
latter leads us at once to sexual genera- 
tion, the distinctive feature of ivhich is 
the separation of the sexes. I have dealt 
fully with these various types of reproduc- 
tion in my History of Creation (chap, viii.) 
and mj llomiers oj Life (chap, xi ). 

Tlie earliest ancestors of man and the 
higher animals had no fncult} of sexual 
reproduction, but multiplied solely by 
asexual means — cleavage, gemmation, or 
the formation of embryonic buds or cells, 
as manj Protozoa still do The differen- 
tiation of the sexes came at a Inter stage. 
We sec this most plainly in the Protists, 
in which the union of two individuals 
precedes the continuous cle<ivagc of the 
unicellular organism (transitory coniuga- 
tion and permanent copulation of the 
Infusoria). We may say that in this case 
the grow th (the condition of reproduction) 
is ntt.iined bj the coalescence of two full- 
fjrown cells into a single, dispropor- 
tionately large individual. At the same 
time, the mixture of the two plastids 
causes a rejuvenation of the pl.ism At 
first the copulating cells are quite homo- 
geneous , but naturiil selection soon 
brings about a certam contrast between 
them— larger female cells (macrospores) 
and smaller male cells ( mtcrosporesj. 
It must be a great advantage in the 
struggle for life for the new individual to 
have inherited different qualities from 
the two cellular parents. The further 
advance of this contrast between the 
^nerating cells led to sexual differentia- 
tion. One cell became the female ovum 
( macrogontdton ), and the other tlie male 
sperm-cell ( microgonidion ). 

The simplest forms of sexual reproduc- 
tion among the living Metazoa are seen 
in the Gastroiads (p. 233), the lower 


sponges, the common fresh-water polyp 
C Hydra), and other Ccclcnteria of the 
lowest rank Prophysema (Fig. 234), 
Olynthus (Fig. 238), Hydra, etc., have 
very simple tubular bodies, the thin wall 
of which consists (as in the original 
gastrula) only of the two primary germinal 
layers. As soon as the body reaches 
sexual maturity, a number of the cells in 
its wall become female ova, and others 
male sperm-cells : the former become 
very large, as they accumulate a con- 
siderable quantity of j elk-granules in 
their protoplasm (Fig 235 e) ; the lattCT 
arc very small on account of their 
repeated cleavage, and change into 
mobile cone-shap^ spermatozoa (Fig 20). 
Both kinds of cells detach from their 
source of origin, the primary germinal 
layers, fall either into the surrounding 
water or into the cavity of the gut, and 
unite there by fusing together. This is 
the momentous process of fecundation, 
which we have examined in the seventh 
Chapter (cf. Figs. 23-29). 

From these simplest forms of sexual 
propagation, as we can observe them 
to-day in the lowest Zoophytes, the 
Gastraeads, Sponges, and Polyps, we 
gather most important data. In’ the first 
place, we learn that, properly speaking, 
nothing is required for sexual reproduc- 
tion except the fusion or coalescence of 
two different cells — a female ovum and 
male sperm-cell. All other features, and 
all the very complex phenomena tliat 
accompany the sexual act in the higher 
animals, are of a subordinate and 
secondary character, and arc later addi- 
tions to this simple, primary pn^ess 
of copulation and fecundation. But if we 
bear in mind how extremely important a 
part this relation of the two sexes plays 
in the whole of organic nature, in the life 
of plants, of animals, and of m.m , how 
the mutual attraction of the sexes, love, 
is the mainspring of the most remarkable 
processes — in fact, one of the chief 
mechanical causes of the highest develop- 
ment of life — we cannot loo greatly 
emphasise this tracing of love to its 
source, the attractive force of two erotic 
cells. 

Throughout the whole of living nature 
the greatest effects proceed from this very 
small cause. Consider the part that the 
flowers, the sexual organs of the flower- 
ing plants, play in nature; or the exuber- 
ance of wondenul phenomena that sexual 
selection produces in animal life ; or tlie 
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momer . . i influence of love in the life of 
iiuui. In ever>' case the fusion of two 
cells is the sole original motive power ; in 
every case this invisible process pro- 
foundly affects the development of the 
most varied structures. We may sa}, 

indeed, that no other organic 

be compared to it for a mon 
prehensiveness and intensity of i 
* i nut the Semitic myth of Adam and 
uve, the old Greek legend of Paris and 
Helena, and so many other famous tradi- 
tions, only the poetic expression of the 
vast influence that love 
selection have exercised ovei 
of history e\er since the differ 
other pass 

agitate the heart 

tripped in their joint influence by tins 
sense-inflaming and mind-benumbing 
Eros. On the one hand, we look to 
love with gratitude as the source of 
the greatest artistic achie\ements — the 
noblest creations of pMtry, plastic art, 
and music ; we see in it the chief factor 
in the moral advance of humanity, the 
foundation of family life, and therefore of 
social advance. On the other hand, we 
dread it as the devouring flame that brings 
destruction on so many, and has causM 
more misery, vice, and crime than all the 
other evils of human life put together. 
So wonderful is love and so momentous 
its influence on the life of the soul, or on 
the different functions of the medullary 
tube, that here more than anywhere else 
the “ supernatural ” result seems to mock 
any attempt at natural explanation. Yet 
comparative evolution leads us clearly and 
Indubitably to the first source of love 
affinity of two different erotic cells, the 
sperm-cell and ovum.' 

The lowest .Metazoa throw light on this 
very simple origin of the intricate pheno- 
mena of reproduction, and they also teach 
us that the earliest sexual form was 
hermaphrodism, and that the separation 
of the sexes (by division of labour) 
is a secondary and later phenomenon, j 
** — laphrodism predominr"-- 
most varied groups of the lowi 
each sexually- mature individual, each { 
person, contains female and male sexual 
cells, and is therefore able to fertilise 
itself and reproduce. Tlius we find ova 

j The 


and sperm-cells in the same individual, 
not only in the lowest Zoophytes (Gas- 
traeads. Sponges, and many Polyps), but 
also in many worms (leeches ana earth- 
worms), many of the sni ' ' ‘ 
garden and vineyard 

unicates, and 

nimals. All i 

the Gastraeads up 

' the Prochordonia, were hermaphrodV- 
possibly even the earliest Acrania. 
have an instructive proof of this i 

remarkable — ? ^ 

genera of fishes are still hermaphrodites, 
and that it is occasionally found in the 
higher Vertebrates of ail classes (as 
atavism). We may conclude from this 
that gonochorism (separation of the sexes) 
was a later stage in our development. 
.At first, male and female individuals differ 
only in the possession of one or other 
kind of gonads ; in other respects they 
were identical, as we still And in the 
.Amphioxus and the C}clostomes. After- 
wards, accessor}' organs (ducts, etc ) are 
associated with the primary sexual 
glands; and much later again sexual 
selection has given rise to the secondary 
sexual characters — those differences 
between the sexes which do not affect the 
sexual organs themselves, but other parts 
of the body (such as the man’s beard or 
the woman’s breast). 

The third important fact that we learn 
from the lower Zoophytes relates to the 
earliest origin of the two kinds of sexual 
cells. As in the Gastra^ids (the low'est 
sponges and hydroids), in which we find 
the first beginnings of sexual differentia- 
tion, the whole body consists merely of 

I ceeded from the cells of these primary 
layers, either the inner or outer, or from 
both. This simple fact is extremely im- 
portant, because the first trace of the ova 
[ as well as the spermatozoa is found in the 
I middle germinal la}cr or mesoderm in 
the higher animals, especially the Verte- 
brates. 

development fro , 

nection with the secondary formation of 
the mesoderm). 

If we trace the phylogeny of the sexual 
organs in our earliest Metazoa ancestors, 

of the lowest Crelenterla C Cnu£iria, 
Platodaria ) exhibit it to us, we find that 
the first step in advance is the localisation 
or concentration of the two kinds of sexual 



EVOLUTION OF THE SEXUAL ORGANS 


333 


attered in the epitheliu— . . 

" the Sponges and 
lo^ 

detached ii- -- — - - - 

lary germinal laprers, ahd become free 
._ii„ . u t — the Cnidaria and 
Platodes we find these associated in 
groups which we call sexual glands 
(gotUdt). We can now for the first 
time speak of sexual organs in the nior- 
phological sense. The feiti^e germina- 
tive g^nik, which in this simplest form 
are merely groups of homogeneous cells, I 
are the ovaries (Fig. The male , 

g erminative glands, which also in their 
rst form consist of a cluster of sperm- 
cells, are the testicles {Fig. 241 A). In 
the medusx, which descend, both onto- ' 
genetically and phylogenetically, from the 
more simply organised Polyps, we find 
these simple sexual glands sometimes as 1 


that apprar at the edn of the primitive 
mouth (right and lefH, as a rule during 
trulation or immediately afterwards — 
important promesoblasts, or “ polar 
cells of the mesoderm,” or “ primitive 
cells of the middle germinal layer ” (p. 
194). In the real Enteroccela, in which 
the mesoderm appears from the first in 
the shape of a couple of ccelom-pouches, 
these are very probably the original 
gonads (p. 194). This is seen very clearly 
in the arrow-worm { Sagilta ) In the 
gastrula of Sagitta (Fig. 3S3 A) we find 
at an early stage a couple of entodermic 
cells of an unusual size fg-J at the base 
of the primitive gut fudj. These primi- 
tive sexual cells f progontdta ) are sym- 
metrically placed to the right and left of 
the middle plane, like the two promeso- 
blasts of the bilateral gastrula of the 
Amphioxus (Fig. 38 p, p. 66). A little 



gastric pouches, sometimes as outgrowths I 
of the radial can.iN that proceed from the 
stomach Particular!) interesting in con- | 
nection with the question of the first j 
origin of the gonads are the lowest forms 
of the Platodes, the Cryptoc<ela that have 
of late been separated as a special class 
( Platodana ) from the Turbellaria proper 
(Fig. 239). In these very primitive 
Platodes the two pairs of sexual ^ands 
are merely two pairs of rows of dineren- 
tiated cells in the entodermic wall of the 
primitive gut — two median ovaries (o) 
within, and two lateral spermaries 
without. The mature sexual cells are 
^ected by the posterior outlets ; the female 
(f) lies in front of the male (m). 

In the great majority of the Bilateria 
orCoelomaria it is the mesoderm firom 
which the gonads develop. Probably the 
first traces of them are the two large cells 
VOL. IL 


outn'ards from them the two coelom 
pouches (B, cs) are de\ eloped out of the 
primitive gut, and each progonidion 
divides into a male and a female sexual 
cell f B, g). The two male cells (at first 
rather the larger) lie close tc^ether within, 
and are the parent-cells of the testicles 
(prospermana j. The two female cells 
lie outwards from these, and are the 
parent-cells of the ovary (protomtnaj. 
Afterwards, when the ccelom-pouches 
have detached from the permanent Mt 
(C,dJ and the primitive mouth (A, bl) 
is clo^, the female cells advance towards 
the mouth ( C, si), and the male towai^s 
the rear. The roremost pair of ovaries 
are then separated by a transverse parti- • 
tion from the hind pair. Thus the first < 
structures of the sexual glands of the ^ 
Sagitta are a couple of hermaphroditic ^ 
entodermic cells; each of these divides j 
o a 
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into a male and a female cell ; and these 
four cells are the parent-cells of the four 
sexual g'lands. Probably the two pro- 
mesoblasts of the Amphioxus^pistrula 
38) are also hermaphroditic primi- 
tive sexual cells in the same sense, 
inherited by this earliest vertebrate from 
its ancient bilateral gastraead ancestors. 




Fig. i^-A Part of the Udnars of Bdello- 
ttoma. •vnmaXiyuAfntfhnduetut), jaceoMnul 

or primitive urinary canah ( ^rvur^luidutj. c renal or 
Malpi^iu capaulcs. B PoFtton Of Oame, bishly 
magttSed. e mal capaulM with the ghme^uM, d 
afEerent artery, r effemt artery. From JahMmnrt 
MOUr (Myaanoidea). 


The sexuall^-mature Amphioxus is not 
hermaphroditic, as its nearest invertebrate 
relatives, the Tunicates, are, and as the 
long-extinct pre-Silurian Primitive Verte- 
brate {Prospondylut, Figs. 98-102) prob- 
ably w^. The actual lancelet has gono- 
choristic structures of a very interesting 
kind. As we saw in the anatomy of the 
Amphioxus, we find the ovaries of the 
female and the spermaries of the nude in 
the shape of twenty to thirty pairs of 
dliptical or roundish four-cornered sacs, 


which lie on either side of the gut on the 
parietal surface of the respiratory pore 
(Fig. 219 g). According to the important 
discovery of Ruckert (1888), the sexual 
glands of the earliest fishes, the Sclachii, 
are similarly arranged. They only unite 
afterwards to form a pair of simple gonads. 
These have been transmitted by heredity 
to all the rest of the Craniotes. In every 
case they lie originally on each side of the 
mesentery, underneath tlic chorda, at the 
bottom of the body-cavity. The first 
traces of them arc found in the ccelom- 
epithelium, at the spot where the skin- 
fibre layer and gut-fibre layer meet in the 
middle of the mesenteric plate (Fig. 93 
mp). At this point we observe at an 
early stage in all craniotc embryos a 
small string-like cluster of cells, which 
we may call, with Waldeyer, the “ germ 
epithelium.” or (in harmony with the 
other plate-shaped rudimentary organs) 
the texuaJ plate (Fig. 173 g). This 
germinal or sexual plate is found in the 
fifth week in the human embryo, in the 
shape of a couple of long whitish streaks, 
on the inner side of the primitive kidneys 
(Figs. 183 t). The cells of this sexual 
plate are distinguished by their cprlin- 
drical form and chemical composition 
from the rest of the ccelom-cells ; they 
have a different purport from the flat cells 
which line the rest of the body-cavity. .As 
the germ epithelium of the sexual plate 
becomes thicker, and supporting tissue 
grows into it from the mesoderm, it be- 
comes a rudimentary sexual gland. This 
ventral gonad then devciopes into the 
ova^ in the female Craniotes, and the 
testicles in the male. 

In the formation of the gonidia or 
erotic sexual cells and their conjunction 
at fecundation we have the sole essential 
features of sexual reproduction ; but in 
the great majority of animals we find 
other organs taking part m it. The chief 
of these secondary sexual organs are the 
gonoducts, which serve to convey the 
mature sexual cells out of the body, and 
the copulative organs, which bring the 
fecundating male sperm into touch with 
the ovum-beanng female. The latter 
organs are, as a rule, only found in the 
higher animals, and are much less widely 
distributed than the gonoducts. But 
these also are secondary formations, and 
are wanting in many animals of the lowei 
groups. 

In the lower animals the mature sexua' 
rolls are generally ejected directly froir 
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the body, i^ometitnes th^ pass out 
immediately through the skin (Hydra and 
many hydroids) ; sometimes they fall into 
the gastric ca\ity, and are evacuated by 
the mouth (gastrseads, sponges, many 
medusae, and corals) ; sometimes they 
r_" 1...J the body-cavity, and are ejected 
by a special pore f porus geniialts) in the 
ventral wall. Tne latter procMure is 
found in many of the worms, and also in 
the lowest Vertebrates. Amphioxus has 
the peculiar feature that the mature sexual 
products fall first into the mantle-cavity ; 
from there they are either evacuated by 
the respiratory pore, or else they pass 
through the gill-clefts into the branchial 
gut, and so out by the mouth (p i8c). 
In the Cyclostomes they fall into the 
body-cavity, and are ejected by a genital 
pore in its wall ; so also in some of the 
fishes. From these we gather the fea- 


to convey the sexual pn^ucts, and this 
had originally a totally different function 
— namely, the system of urinary organs. 
These organs have primarily the sole duty 
of removing unusable matter from the 
body in a fluid form. Their liquid excre- 
tory product, the urine, ■" ;;thrr 
directly through the skin or through the 
last section of the gut. It is only at a 
later stage that the tubular urinary pas- 
sages also convey the sexual pr^ucts 
from the body. In this way they become 
" 'tal ducts.” This remarkable 

indary conjunction of the urinary and 
ual organs into a common urogenital 
^stem very characteristic of the 
Gnathostomes, the six higher 

ebrates. It Is si'anting in the lower 
classes. In order to appreciate it fully, 
we must give a comparative glance at the 
structure of the u 



1 ^s-— Transvepse section of the emheronlo shield of a ehlek, forty^o houn oU. (From 
*r j mr medullary tube, ch chorda, k hornv plate (skin>eeiue la}’er), nnr nepbroduct, tnr epnomites (dorsal 
%e se^eots), hp skin^bre U^er (parietal Ia>er of the hy^oeomites). put>6bre Ia}*er (viaceral layer of 


lures of our earlier ancestors in this 
respect. On the other hand, in all the 
higher and most of the lower Vertebrates 
(and most of the higher ln^ertebrates) 
we find in both sexes special tubular 
passages of the sexual gland, which are 
called “gonoducts.” In the female they 
conduct the ova from the ovarv, and so 
are called “ oviducts,” or “ t^allopian 
tubes.” In the male they con\ey the 
spermatozoa from the testicles, and are 
called “ spermaducts,” or vasa deferetUta, 
The original and genetic relation of these 
two kinds of ducts is just the same In man 
as in the rest of the higher Vertebrates, 
and quite different from what we find in 
most of the Invertebrates. In the latter, 
as a rule, the gonoducts develop directly 
from the embiyonic glands or from the 
outer skin ; but in the Vertebrates an 
independent organic system is employed 


Tlie renal or urinary sjstcm is one of 
the oldest and most important systems of 
organs in the differentiated animal body, 
as I have pointed out on several previous 
occasions (cf. Chapter XVII.). We find 
it not only in the higher stems, but also 
'eiy generally distributed in the earlie 
group of the Vermalia. Here we meet it 
in the lowest worms, the Rotatoria (Gas- 
trotricha. Fig. 242), and in the instructi\e 
stem of the Platcdes. It consists of a 
pair of simple or branching canals, which 
are lined with one layer of cells, absorb 
unusable juices fixim the tissue, and ^ect 
them by an outlet in the outer skin (Fig. 
240 nm). Not only the free-living Turbel- 
laria, but also the parasitic Suctoria, and 
even the still more degenerate tape- 
worms, which have lost their alimentary 
canal in consequence of their parasitic 
life, are equipped with these renal canals 


336 


EVOLUTION OF THE SEXUAL ORGANS 


or nephridia. In the first embipronic 
structure they are merely a pair of simple 
cutaneous glands, or depressions in^ the 
ectoderm. They are generally described 
as excretory oi^ans in the worms, but 


f 0 I 



Fio 3^— Rw^entarr primitive kidneys of a 

doc^mbrya The hind end of the embryonic body 
a *eea from the >enti^ ude and co\eced with the 
vaoeral layer of the 3-eIk.aac, wb ' 


▼ertebne, e apinal cord, d er 


formerly often as “ water vessels.” They 
may be conceived as largely-developed 
tubular cutaneous glands, formed by 
invagination of the cutaneous laver. 
According to another view, they 


nephridium has an inner opening (with 
cilia) into the body-cavity and an outer 
one on the epidermis. 

In these lowest, unsegmented worms, 
and in the unsegmented Molluscs, there 
is only one pair of renal canals, l^ey 
are more numerous in the higher Articu- 
lates. In the Annelids, the body of which 
is composed of a large number of joints, 
there is a pair of these pronephridia in 
each segment (hence they are called seg- 
mental canals or organs). Even here they 
are still simple tubes; on account of their 
coiled or looped form they are often called 


“looped canals.” In most of the Anne- 
lids, and many of the Vermalia, we can 
distinguish three sections in the nephri- 
dium — an outer muscular duct, a glan- 
dular middle Part, and an inner part that 
opens by a ciliated funnel into the body- 
cavity. This opening is furnished with 
wlitriin^ cilia, and can, therefore, take 
up tlie Tuices to be excreted directly from 
the body-cavity and convey them from 
the body. But in these worms the sexual 
cells, which develop in very primitive 
form on the inner surface of tne body- 
cavity, also fall into it when mature, and 
are sucked up by the funnel-shaped inner 
iliated openings of the renal canals, and 
*1, Thus the urine- 


matenal ly different 
from, these seg- 
mental canals of 
the .Annelids. The 
peculiar develop- 
ment of it and its 
relations to the 
sexual organs are 
among the most 
difficult problems 
in the morpholo^ 
of our stem. if 
we examine briefly 
the vertebrate ren^ 
system from the 
phylogenetic point 
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Fig. 387 — Pi 

kUneys of a human 
embryo. » tlw unnary 


e (Horswriii'* 
M Million di 


uppemuwt « — - - 

(Fallofiian hydatid), r 
nad (aexual gUnd). (F 


Icidncys ( met- 
’ ‘ These 

of 

kidneys are not 
fundamentally and 

completely distinct, as earlier students 
(such as &mper) wrongly supposed ; they 
represent three different generations of one 
and the same excretory apparatus ; they 
correspond to three phylogenetic stages. 



advanced generation that preceded it in 
time and space. The fore kidneys, first 
accurately described by Wilhelm Muller 
in 187s in the Cyclostomes and Ichthyoda, 
form the sole excretory organ of the 
Acrania (.Amphioxus) ; they continue in 
the Cyclostomes and some of the fishes, 
but are found only in slight traces and 
for a time in the embryos of the six other 
classes of Vertebrates. The primitive 
kidneys are first found in the Cyclostomes, 
behind the fore kidneys ; they have been 
transmitted from the Selachii to all the 
Gnathostomes. In the Anamnia they 
act permanently as urinary glands; in 
the Amniotes their anterior part (“ger- 
minal kidney's ’’) changes into organs of 
the sexual ap{»ratus, while the third 
generation developes from the end of 
their interior part (“ urinal kidneys ”) — 
the cWracteristic after or permanent 
kidneys of the three higher classes of 
Vertebrates. The order in which the 
three renal systems succeed each other in 
the embryo of man and the higher Verte- 
brates corresponds to their phylogenetic 


Fig. 389.— Human embryo of the 6fth week, two- 
fifths of an inch Iona, magnified ten times, seen from 
the Tentral stde (the anterior ventral wall. i. 11 
removed, the body-cavity, e, opened), d gut (cut off), 
f frontal pnwem. r cerebrum. « middle brain, t after 
brain, h heart, * first gill-cleft, I pulmonary sac, » 
primitive kidneys, r sexual regioo, t phallus (sexual 
prominences),* tail (From AUlimma ) 

pronephridia opens into the mesodermic 
Ixxiy-cavity (the middle part of the 
coeloma, B) ; the external aperture into 
the ectc^ermic mantle or ^ribranchial 
cavity Their position, their 
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structu^ and thdr relation to the duct it away from the net (c). The 
branchial vessel make it clear that these primitive renal canals ( mesonephridia ) 
segpnental pronephridia correspond to are distinguished by this net-formation 
the rudimentary fore kidneys of the from their predecessors. 

Craniotes. The mantle-cavity into which In the Selachii also we find a longi- 
tudinal row of segmental canals on each 
side, which open outwards into the 
iwimitive renal ducts {nepkmtoines, p. 149). 
^e segmental canals (a pair in each 
segment of the middle part of the body) 
open internaJljr by a ciliated funnel into 
the body- cavity. From the posterior 



aexual Ktwid(rudtL 

rhe pnmary oerliraduct (iig u> Fiff 390) di 

— fiuIIenat^OT J and WoMBajTT^^ di^. joined 
toselher behind in the genital cord frj. I hgament of 
the primitive kidnej-s. (From Gegtniatu ’ ) 

they open seems to correspond to the 
prorenal duct of the latter. 

The next higher Vertebrates, the Cyclo- 
stomes, yield some very interesting data 
Both orders of this class, the hags and 
lampreys, have still the fore kidneys 
inhentM from the Acrania — the former 
permanentl), the latter in their earlier 
stages. Behind these the primitive kid- 
ne;^’S soon develop, and in a very cliarac- 
teristic form. The remarkable structure 
of the mesonephros of the Cyclostomes, 
discovered by Johannes Muller, explains 
the intricate formation of the kidneys in 
the higher Vertebrates. We find in the 
hag-fi^es f Bdellostoma J a loi^ tube, the 
^renal duct C nejphroductus. Fig. 384 d) 
^is opens with its anterior end into the 
cceloma by a ciliated aperture, and ex- 
ternally with its ixisterior end by an outlet 
in the skin. Inside it open a large 
number of small transverse canals (“ seg- 
mental or primitive urinary canals,” o). 
Eiach of these terminates blindly in a 
vesicular capsule (c), and this encloses 
a coil of blood-vessel (glonurultis, an 
arterial network. Fig. 384 B, d. Afferent 
branches of arteries conduct arterial blood 
into the coiled branches of the glomerulus 
(d), and efferent arterial branches con- 



J. 

0- 393- 

'ms. 303. 394-— Urinarr and sexual organs of 

Am^TbUUI (water aalamander or Tntonl Fig 

R’’a?hK'r'dSsrb,;£ 

Ig bdow mu ; _ 
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f^up of these organs a compact primitive 
kidney is form^, the anterior group 
iking part in the construction of the 
Bxual organs. 

In the same simple form that remains 
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throughout life in the M^noides and 
{>artly in the Selachii we find the primi- 
tive Udney first developing in the emt^o 
of man and the higher &aniotes (Figs. 
3861 387)' Of the two pai^ that compose 
the comb-sliapcd primitive kidney the 
longitudinal channel, or nephroduct, is 
always the first to appear ; afterwards 
the transverse “canals,” the excreting 
nephridia, are formed m the mesoderm ; 
and after this again the Malpighian cap- 
sules with their arterial coils are associate 
with these eis ccclous outgrowths The 
primiti\e renal duct, which appears first, 
IS found in all craniotc embryos at the 


and a part of it is preserved in the Selachii ; 
but in all the other Craniotes it b only 
found for a short time in the embryo, as 
an ontogenetic reproduction of the earlier 
phyli^netic structure. In these the 
primitive kidney soon assumes the form 
(by the rapid growth, lengthening, in- 
case, and serpentining of the urinary 
canab) of a large compact gland, of a 
lonpp, oval or spindle-slmped character, 
which passes through the greater part of 
the emlwonic body-cavity (Figs. 183 m, 
184 m, 3^ n). It lies near the middle 
line, directly under the primitive vertebral 
column, and reaches from the cardiac 


early stage in which the differ- 
entiation of the medullary tube 
takes place in the ectoderm, 
the seierancc of the chorda 
from the visceral layer in the 
entoderm, and the first trace 
of the coelom-pouches arises 
between the limiting layers 
(Fig. 385) Tlie nephroduct 
is seen on each side, 
directly under the horny plate, 
in the shape of a long, thin, 
thread-like string of cells. It 
presently hollows out and be- 
comes a cantd, running 
straight from front to back, 
and clearly showing in the 
transverse section of the em- 
bryo Its original positic.. . . 
the space between homy plate 
(h), primitive segments ( uw), 
and lateral plates (hplj. As 



the originally very short 
urinary canals lengthen and 
multiply, each of the two 
primitive kidneys assumes the 
form of a hali-fe.athered leaf 
(Fig. 387). The lines of the leaf 


human embryo, thresinctom length (besinmna of tEceuthwedi), 
mogn^ed fiftm time*, k gennuuil Kbuw. u pnmitive bdney, m 
diamragmatic ligament of aame, w Wolffian duct (opened on the 
nytit). gdirecting ligament (gubenuuailumX « allantoic duct. (Fnan 


are represented by the urinarj- 
canals Cu), and the rib by the outlying 
nephroduct (ti-j. At the inner ed^ of 
the primitive kidneys the rudiment of the 
ventral sexual gland can now be 
seen as a body of some sim. The hinder- 
most end of the nephroduct opens right 
behind into the last section of the rectum, 
thus making a cloaca of it. However, 
this opening of the nephroducts into the 
intestine must be regarded as a secondary 
formation. Originally they open, as the 
Cyclostomes clearly show, quite inde- 
pendently of the gut, in the external skin 
of the ahaomen. 

In the Myxinoides the priinltive kidneys 
retain thb simple comb-shaped structure. 


r^ion to the cloaca. The right and left 
kidney's are parallel to each other, quite 
close together, and only separated by the 
mesentery — the thin narrow layer that 
attaches the middle gut to the under 
surface of the vertebral column. The 
passage of each primitive kidney, the 
nephr^uct, runs towai^ the back on 
the lower and outer side of the gland, 
and opens in the cloaca, close to the 
starting-point of the allantois ; it after- 
wards opens into the allantois itself. 

The primitive or primordial kidneys of 
the amniote embiyo were formerly c^ed 
the “Wolffian bodies,” and sometimes 
“Oken’s bodies.” They act for a time as 
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kidneys, absorbine unusable juices from ventral wall. It is true that many of the 
the emt^onic body and conducting them fishes also have a “ bladder.” But this is 
to the cloaca— afterwards to the allantois, merely a local enlargement of the lower 
There the primitive urine accumulates, section of the nephr^ucts, and so totally 
and thus the allantois acts as bladder or different in origin and composition from 
urinary sac in the embiyos of man and the real bladder. The two structures can 
the other Amniotes. It has, however, no be compared from the physiological point 
^netic connection with the primitive of view, and so are analogous, as they 
kidneys, but is a ixiuch-like grow.h from have the same function ; but not from 
the anterior wall of the rectum (Fig. the morphological point of \ lew, and are 
147 «). Thus it is a product of the visceral therefore not homologotis. The false 
layer, whereas the primitive kidnevre are bladder of the fishes is a mcsodcrmic 
a product of the middle layer. Phjlo- product of the nephroducts; the true 

bladder of the Di- 



pneusts. Amphibia, 
and Amniotes is an 
entodermic blind sac 
of the rectum. 

In all the Anamnia 
(the lower amnionless 
'' liotes, Cyclosto- 
Fishes, Dipne- 
usis and Amphibia) 
the urinary organs 
rem im at ' a lower 

Inge of development 
to this extent, that 
the primitive kidneys 
( protonephn Jact per- 

lands. This is only 
so as a passing phase 
of theearlyembi^’onic 
life in the three higher 
classesofV ertebrates, 
the Amniotes. In 
. the permanent 
or after or 
(really /er 
neys Y 
nephn) th 


their appearance. 
They represent tlie 


of the 


genetically we must suppose that the I 
allantois originated as a pouch -like 
growth from the cloaca-wall in conse- 
quence of the exransion caused by the 
mine accumulated in it and excreted by 
the kidneys. It is originally a blind sac 
of the rectum. The real bladder of the 
vertebrate certainly made its first appw- 
ance among' the Dipneusts (in Lepido- 
nien), and has been transmitted from 
hibia, and from these to 

..1 the embryo of the latter 

it protrudes far out of the not yet closed 


brate kidneys. The permanent kidneys 
do not arise (as was long rr 

independent glands from the alimentary 
tube, but from the last section of the 
^mitive kidneys and the nephroduct. 
Here a simple tube, the secondary renal 
duct, developes, near the point of its entry 
into the cloaca; and this tube grows con- 
siderably foru'ard. With its blind upper 
or antenor end is connected a glandular 
renal growth, that owes its origin to a 
differentiation of the last part of the 
{simitive kidneys. Tliis rudiment of the 
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permanent kidneys consists of coiled 
urinary canals with Malpighian capsules 
and vascular coils (without cdiated 
funnels), of tlie same structure as the 
segmental mesonephridia of the primitive 
kidneys. The further growth of these 
metanephridia gives rise to the compact 
permanent kidneys, which have the 
familiar bean-shape in man and most of 
the higher mammals, but consist of a 
number of separate folds in the lower 
' mammals, birds, and reptiles. As the 
permanent kidneys grow rapidly and 
advance forward, their pass^e, the 
ureter, detaches altogether from its birth- 
place, the posterior end of the nephro- 
duct ; it passes to the posterior surface of 
the allantois At first in the oldest 
Amniotes this ureter opens into the cloaca 
together with the last section of the neph- 
roduct, but afterwards separately from 
this, and finally into the permanent 
bladder apart from the rectum altogether. 
The bladder originates from the hindmost 
and lowest part of the allantoic p^icle 
( urachus ), which enlarges in spindle 
shape before the entry into the cloaca. 
The anterior or upper part of the pedicle, 
which runs to the natel in the ventral 
wall of the embiyo, atrophies subse- 
quently, and only a useless string-like 
relic of it is left as a rudimentary orphan ; 
that IS the single vesico-umbilical liga- 
ment. To the right and left of it in the 
adult man arc a couple of other rudi- 
mentary organs, the lateral vesico- 
umbilical ligaments. These are the de- 
generate stnn^-iikc relics of the earlier 
umbilical arteries. 

Though in man and all the other 
Amniotes the primitive kidneys are thus 
early replaced by the permanent kidneys, 
and these alone then act as urinary organs, 
all the J^rts of the former are by no means 
lost. TTie ncphroducts become very im- 
portant physiolofncally by being con- 
verted into the passages of the sexual 
glands. In all the Gnathostomes — or ail 
the Vertebrates from the fishes up to man 
— a second similar canal developes beside 
the nephroduct at an early sta^ of em- 
bryonic evolution. The latter is usually 
called the Mullerian duct, after its dis- 
coverer, Johannes Muller, w'hile the 
former is called the Wolffian duct. The 
origin of the Mullerian duct is still 
obscure ; comparative anatomy and onto- 
geny seem to indicate that it originates 
^ differentiation from the Wolffian duct. 
Perliaps it would be best to say : “ The 


orij^nal primary nephroduct dirides by 
differentiation (or longitudinal cleavage) 
into two secondary ncphroducts, the 
Wolffian and the Mullerian ducts.'* The 
latter (Fig 387 m) lies just on the inner 
side of the former (Fig. 387 u>). Both 
open behind into the cloaca. 

However uncertain the origin of the 
nephroduct and its two prcriucts, the 
Mullerian and the Wolffian ducts, may 
be, its later development is clear enoi^h. 
In all the Gnathostomes the Wolflton 
duct is converted into the spermaduct, 
and the Mullerian duct into me oviduct. 
Only one of them is retained in each sex ; 
the other either disappears altogether, 
or only leaves relics in the shape of 
rudimentary organs In the male sex, 



in which the two Wolffian ducts become 
the spermaducts, we often find traces of 
the Mullerian ducts, which 1 have called 
“Rathke’s canals” (Fig. 394 c). In the 
female sex, in which the two Mullerian 
ducts form the oviducts, there are relics 
of the Wolffian ducts, which are called 
“ the ducts of Gaertner.” 

We obtain the most interesting it>- 
formation with regard to this remarlmble 
evolution of the nephroducts and their 
association with the sexual glands from 
the Amphibia (Figs. 390-395). The first 
structure of the nephroduct and its differ- 
entiation into Mullerian and Wolffian 
ducts are just the same in both sexes in 
the Amphibia, as in the mammal embi^rM 
(Figs. 39X, 396). In the female Amphibia 
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th« Mullerian duct develops on either 
side into a hu]p oviduct (Fig. 393 od), 
fhile the Wolman duct acts permanently 
s ureter (uj. In the male Amphibia 
the Mullerian duct only remains as a 



rudimentary organ without any functional 
significance, as Rathke’s canal (Fig 
394 c ) , the Wolffian duct serves also ai 
ureter, but at the same time as sperma 
duct, the sperm-canals f ve J that proceed 
from the testicles ftj entering the fore 
part of the primitive kidneys ai ' 

Dining there with the urinary can 

In the mammals these pei 
amphibian features are only seen as bnef 
phases of the earlier period of embiyonic 
development (Fig. 3^). Here the primi- 
tive kidneys, which act as excretory 
organs of urine throughout life in the 
amnion-less Vertebrates, are replaced in 
the mammals by the permanent kidneys. 
The real primitive kidneys disappear for 
the most part at an early sta^e of develop- 
It, and only small relics of them 
-emain. In the male mammal the eptdt- 
dymu developes from the uppermost part 
of the primitive kidney ; in the female a 
useless rudimentary organ, the epavanum, 
!j formed from the same part. The 
atrophied relic of the former is know" 
the paradufymis, that of the latter as 
parovanum. 

The Mullerian ducts undergo veir 
important changes in the female mammal. 


oviducts proper are developed only 
1 their upper part; the lower part 
dilates into a spindle-shaped tube with 

♦k-.i. ^........1 If the i— 

pregnated ovum developcs int. . . _ . 
bryo This is the womb (utettis). At 
first the two wombs (Fig. 399 «) are com- 
iletely separate, and open into the cloaca 
in either side of the bladder (vu), as is 
itill the case in the lowest living mammals, 
the Monotremes. But in the Marsupials 
1 communication is opened between the 
two Mullerian ducts, and in the Placentals 
they combine below with the rudimentary 
Wolffian ducts to form a single “ genital 
cord.” The original independence of the 
two wombs and the vaginal canals formed 
from their lower ends are retained in many 
>f the lower Placentals, but in the higher 
they gradually blend and form a single 
organ. The conjunction proceeds from 
below (or behind) imuards (or forward.^) 
In rnany of the Rodents (such as the 
rabbit and squirrel) t\io separate wombs 
still open into the simple and single 
vaginal canal , but in others, and in the 
Carnnora, Cetacea, and Ungulates, the 



Fig. 401.— Urogenital system of a human e 
bryo of three indiee in length, double natural ai 
A teetjclee, epermaducte, ^ com 
p procewie vaginalw. i blnddlT, an i 


lower haKes of the wombs have already 
fused into a single piece, though the 
upper halves (or “ horns ”) are still sepa- 
rate (“ two-horned ” womb, v&fus bicofnit). 
In the bats and lemurs the ” horns ” are 
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oripnal urogenital sinus, which developes 
from the lowest section of the bladder (v). 
But while in the male mammal the 
Wolffian ducts develop into the permanent 
spermaducts, there are only rudimentary 
relics left of the Miillerian ducts. The 
most notable of these is the “ male wromb 
(uterus masculiHus), which originates 
from the lowest fused part of the ducts, 
and corresponds to the female uterus. It 
is a small, flask-sha]^ vesicle without 
any physiological significance, which 
opens into the ureter between the two 
spermaducts and the prostate folds 
( vesicula prostattcaj. 


kidneys to the inguinal i^ion of the 
ventiu wall. This is the inguinal liga- 
ment of the primitive kidney, known in 
the male as the Hunterian ligament (Fig. 
400 gh), and in the female as the “ round 
maternal ligament” (Fig. 401 r). In 
woman the ovaries travel more or less 
towards the small pelvis, or enter into it 
altogether. In the male the testicles pass 
out of the ventral cavity, and penetrate by 
the inguinal canal into a sac-shaped fold 
of the outer skin. When the right and 
left folds (“sexual swellings”) join to- 
gether they form the scrotum. The 
various mammals bring before us the 
successive stages of this 
displacement. In the 
elephant and the whale 
the testicles descend very 
little, and remain under- 
neath the kidneys. In 
man} of the rodents and 
camassia they enter the 
nguinal canal. Inmost 
>f the higher mammals 
they pass through this 
into the s rotum. As a 
rule, the iguinal canal 
closes up. Whei 
mains open the tc 
may nenodicall} 
into the scrotun 
withdraw into th 
tral cavity again i 
of rut ("" — — ^ 

ipiais, rodents, 
bats, etc.). 

The structure of the 
external sexual organs, 
the copulative organs 
that convey the fecun- 
dating sperm from the 
male to the female or- 
ganism in the act of 
copulation, isalso peculiarto the mammals. 
There are no organs of this character in 
most of the other Vertebrates. In those 
that live in water (such as the Acrania 
and Cyclostomes, and most of the fishes) 
the ova and sperm-cells are simply ejected 
into the water, where their conjunction 
and fertilisation are left to chance. But 
in many of the fishes and amphibia, which 
are viviparous, there is a direct convey- 
* of the male sperm into the female 
body ; and this is the case with all the 
Amniotes (reptiles, birds, and n ' ' 
In these the urinaiyand sexi 
always open originally into the last 
of the rectum, which thus forms a cloaca 



of the folhde, e itv outer eurfaoe. 


The internal sexual organs of the mam- 
mals undergo veiy diitinctive changes 
of position. At first the germinal glands 
of both sexes lie deep insiiie the ventral 
cavity, at the inner edge of the primitive 
kidneys (Figs. 386 g, 393 k), attached to 
the vertebral column by a short mesentery 
(mesorcktum in the male, mesovattum in 
the female). But this primary arrange- 
ment is retained permanently only in the 
Monotremes (and the lower Vertebrates). 
In all other mammals (both Marsupial* 
and Placentals) they leave thel 

cradle and travel more or less 

(or behind), following the direction of i 
ligament that goes from the primitivi 
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(p. 349). Among the mammals this 
arrangement is {permanent only in the 
Monotremes, which take their name 
from it (Fig, 399 cl). In all the other 
mammals a frontal partition is developed 
in the cloaca (in the human embryo about 
the b^innin^ of tlie third month), and 
this divides it into two cavities. The 
anterior cavity receives the urogenital 
canal, and is the sole outlet of the urine 
and the sexual products ; the hind or 
anus-cavity passes the excrements only. 

Even before this partition has been 
formed in the Marsupials and Placentals, 
we see the first trace of the 


the phallus, the glans, both the larger 
glans ptnu of the male and the smaller 
^ns clilortdts of the female. The part 
of the cloaca from the upper wall of 
which it forms belong to the proctodaum, 
the ectodermic invagination of the rectum 
(p- 3*>) ! hence its epithelial covering can 
develop the same homy growths as the 
corneous layer of the epidermis. Thus 
the glans, which is quite smooth in man 
and the higher ap^, is covered with 
spines in many of the lower apes and in 
the cat, and in many of the rodents with 
hairs (marmot) or scales (guinea-pig) or 


external sexual organs. 
Firstaconical protuberance 
rises at the anterior border 
of the cloaca-outlet — the 
sexual prominence (phal- 
lus, Fig 402 . 4 , e, B,e). 
At the tip It is swollen m 
the sham of a club 
(“ acorn ’I glans). On its 
under side there is a 
furrow, the sexual groove 
( sulcus gentlahs, fj, and 
on each side of this a fold 
of skin, the “ sexual pad ’’ 
( torus gentlalts, hi). The 
sexual protuberance or 
phallus is the chief organ 
of the sexual sense (p. 
2S2 ) ; the sexual nerves 
spre^ on it, and these are 
the principal organs of the 
specific sexual sensation. 
As erectile bodies f corpora 
cavernosa ) are developed 



in the male phallus by Fio. 408.— The human ovum after bauing ftom the Graafian folbcle, 

peculiar modifications of «urroui^byttKclinxinjccIlaoftherf«ca*W»«»nu(intwora<hating 
thebU^.vessels,itbecomes (U^r'Sf 

capable of erecting* penodi- nucleus of the ovum (cmbcyooic %’ewde). (From ^ 

cai ly on a strong accession *”«»•) (Cf Figa, . and .4. pp. 36 and 46.) 
of blood, becoming stiff, so 

as to penetrate into the female v agina and solid horny warts (beaver). Many of the 
thus effect copulation In the male the Ungulates have a free conical projection 
phallus becomes the penis ; in the female on the glans, and in many of the 
It becomes the much smaller clitoris ; Ruminants this “ phallus-tentacle ” grows 
this is only found to be very large in into a long cone, bent hook-wise at the 


protecting fold on the anterior surface of are connected with variations in the 
th^hallus. structure and distribution of the sensoiy 

The external sexual (phallus) corpuscles — t.e., the real organs of the 

is found at various stages of development sexual sense, which develop in certain 
within the mammal class, both in reg^^ papillae of the corium of the phallus, and 
to size and shape, and the differentiation have been evolved from ordin^ tactile 
and structure of its various parts ; this corpuscles of the corium by erotic adapta^ 
applies especially to the terminal part of tion (p. aSa). 
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The formation of the corpora cavernosa, 
which cduse the stiflhess of the phallus 
and its capability of penetrating the 
vagina, by certain special structures of 
thSr spongy vascular spaces, also shows 
a good of variety within the verte- 
brate stem. This stiffness is increased in 
many orders of mammals (especially the 
camassia and rodents) by the ossification 
of a part of the fibrous body f corpus 
fbrosum ) This penis-bone ( os prtapt ) 
is very large in tm badger and dog, and 
bent like a hook in the marten ; it is also 
veiy large in some of the lower apes, and 
protrudes far out into the glans. It is 
wanting in most of the anthropoid apes ; 
it seems to have been lost in their case 
(and in man) by atrophy. ' 

The sexual groove on the under side of 
the phallus receives in the male the 
mouth of the urogenital canal, and is 
changed into a continuation of this, 
becoming a closed canal by the juncture 
of its parallel edges, the male urethra. 
In the female this onij takes place in a 
few cases (some of the lemurs, rodents, 
and _ moles) , as a rule, the groove 
remains open, and the borders of this 
“ vestibule of thevagina ” develop into the 
smaller labia (nympka). The large 
labia of the female de\elop from the 
sexual pads ( ton genitales ), the two 
parallel folds of the skin that are found 
on each side of the genital groove. They 
join together in the male, and form the 
closed scrotum. These striking differ- 
ences between the two sexes cannot jet 
be detected in the human embryo of the 
ninth week. We begin to trace them in 
the tenth week of development, and they 
are accentuated in proportion as the 
difference of the sexes developes. 

Sometimes the normal juncture of the 
two sexual pads in the male fails to take 
place, and the sexual groove may also 
remain open (kypospadtaj. In these 
cases the external male genitals re- 
semble the female, and they are often 
wrongly regarded as cases of hermaphro- 
dism. Other malformations of various 
kinds are not infrequently found in the 
human external sexual organs, and 
some of them have a great morpholc^ical 
interest. The reverse of hypospadia, in 
which tlie penis is split o^n below, is 
seen in eptspadta, in which the urethra is 
open above. In this case the urogenital 
canal opens above at the dorsal root of 
the perns; in the former case down below. 
Tb^ and similar obstructions interfere 


with a man’s generative power, and thus 
prejudicially affect his whole develop- 
ment. They clearly prove that our 
history is not guided by a “ kind Provi- 
dence,” but left to the play of blind chance. 

We must carefully distinguish the rarer 
cases of real hermaphrodism from the 
preceding. This is only found when the 
essential organs of reproduction, the 
genital glands of both kinds, are united 
in one individual. In these cases either 
an ovary is developed on the right and a 
testicle on the left (or vtce versa) ; or else 
there are testicles and ovaries on both 
sides, some more and others less 
developed. As hermaphrodism was pro- 
b.ibly the original arrangement in all the 
Vertebrates, and the division of the sexes 
only followed by later differentiation of this, 
these curious cases offer no theoretical 
difficulty. But they are rarely found in 
man and the higher mammals. On the 
other hand, we constantly find the original 
hermaphrodism in some of the lower 
Vertebrates, such as the Myxinoides, 
many fishes of the pcrch-tjpe (serranus), 
and some of the Amphibia (ringed snake, 
toad). In these cases the male often has 
a rudimentary ov an’ at the fore end of the 
testicle; and the female sometimes has 
a rudimentary, inactive testicle In the 
carp also and some other fishes this is 
found occasionally We have already 
seen how traces of the earlier herm- 
aphrodism ran be traced in the passages 
of the .\mphibia. 

Man h.as faithfully presened the main 
features of his stem-historj’ in the onto- 
geny of his urinary and sexual organs. 
We can follow their development step by 
step in the human embryo in the same 
advancing gradation that is presented to 
us by the comparison of the urogenital 
organs in the Acrania, Cyclostomes, 
Fishes, Amphibia, Reptiles, and then 
(within the mammal series) in the Mono- 
tremes. Marsupials, and the various 
Placentals. All the peculiarities of uro- 
genital structure that distinguish the 
mammals from the rest of the Vertebrates 
are found in man ; and in all special 
structural features he resembles the apes, 
particularly the anthropoid apes. In 
proof of the fact that the special features 
of the mammals have been inherited by 
man, I will, in conclusion, point out tlw 
identical way in which the ova are formed 
in the ovary. In all the mammals the 
mature ova are contained in special cap- 
sules, which arc known as the Graafian 
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follicles, after their discoverer, Roger de 
Graaf (1677). They were formerly sup- 
posed to be the ova themselves ; but Baer 
discovered the ova within the follicles 
(p. 16). Each follicle (Fig. 407) consists 
of a round fibrous capsule (i), which 
contains fluid and is fined with several 
strata of cells f c). The 1^’er is thickened 
like a knob at one point (b); this ovum- 
capsule encloses the ovum proper (a). 
The mammal ovary is originally a very 
simple oval body (Fig. 387 formed 
only of connective tissue and blood-vessels, 
covered with a layer of cells, the ovarian 
^ithclium or the female germ epithelium. 
From this germ epithelium strings of 
cells grow out into the connective tissue ! 
or “stroma” of the ovary (Fig 403 3). I 
Some of the cells of these strings (or , 
Pfluger’s tubes) grow larger and become 
ova (primitive ova, c) , but the great • 
majority remain small, and form a pro- 
tective and nutritive stratum of cells 


has at first one stratum (Fig. 404 /), but 
afterwards several (2). It is true that in 
all the other Vertebrates the ova are 
enclosed in a membrane, or “follicle,” 
that consists of smaller cells. But it is 
only in the mammals that fluid accumu- 
lates between the growing follicle-cells, 
and distends the follicle into a large 
round capsule, on the inside wall of which 
the ovum lies, at one side (Figs. ^5, 406). 
There again, as in the whole of liis mor- 
phology, man proves indubitably his 
descent from the mammals. 

In the lower Vertebrates the formation 
of ova in the germ-epithelium of the 
ovary continues throughout life ; hut in the 
higher it is restricted to the earlier stages, 
or even to the period of embiyonic develop- I 


round each ov um — the “ follicle-epithe- 
lium” fe/ 

The follicle-epithelium of the mammal 


ment. In man it seems to cease in the 
first year ; in the second year we find no 
new-formed ova or cnains of ova (Pfluger’s 
tubes). However, the number of ova in 
the two ovaries is very large in the young 
girl ; there are calculated to be 72,000 in 
the ^ually-mature maiden. In the pro- 
duction of the ova men resemble most of 
the anthropoid ap^. 

(^nerally speaking, the natural history 
of the human sexual organs is one of 
those parts of anthropology that furnish 
the most convincing proofe of the animal 
origin of the human race. Any man who 
is acquainted with the facts and impar- 
tially weighs them will conclude from 
them alone that we have been evolved 
from the lower Vertebrates. The larger 
and the detailed structure, the action, and 
the embryological development of the 
sexual organs are^st the same in man 
as in the apes This applies equally to 
the male and the female, the internal and 
the external, organs. ITie differences we 
find in this respect between man and the 
anthropoid ap^ are much slighter than 
the differences between the various spiecies 
of apes. But all the apes have cerUinly 
a common origin, and have been evolved 
from a long-extinct early-Tertiary stem- 
form, which we must trace to a bitmeh of 
the lemurs If we had this unknown 
pithecoid stem-form before us, we should 
certainly put it in the order of the true 
apes in the primate system ; but within 
this order we cannot, for the anatomic 
and ontogenetic reasons we have seen, 
separate man from the group of the 
anthropoid apes. Here again, therefore, 
on the ground of the pithecometra-prin- 
ciple, comparative anatomy and ontogeny 
teach with full confidence the descent (tt 
man fium the ape. 
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Now that we have traversed the wonder- 

. i^ion of human embryology and are 
lamiliar with the prindnal parts of it, it 
will be well to look hack on the way we 
ha\’e come, and forward to the further 
path to truth to which it has led us. We 
started from the simplest facts of ontogeny, 
or the detelopment of the indiddual — 
from observations that we can repeat and 
verify by microscopic and anatomic study 
at any moment. The first and most 
important of these facts is that e\ ery man, 
like every other animal, begins his exis- 
tence as a simple cell This round o\um 
has the same characteristic form and 
origin as the ovum of any other mammal 
From it is developed in the same manner 
in all the Placentals, by repotted cleat age, 
a multicellular blastula This is cont erted 
into a gastrula, anJ this in turn into a 
blastocystis (or embryonic vesicle). The 
two strata of cells that compose its wall 
are the primary germinal layers, the skin- 
layer (ectoderm), and gut-layer (ento- 
derm). This two-lay ered embryonic form 
is the ontogenetic reproduction of the 
extremely important phylogenetic stem- 
form of all the Metazoa, which we have I 
called the Castraea. As the human ' 
embryo passes through the gastrula-form ' 
like that of all the other Metazoa, we can | 
trace its phylogenetic origin to the ' 
Gastraea 

As we continued to follow the embry- 
onic development of the two-layer^ 
stmcture, we saw that first a thiid, or 
middle layer (mesoderm), appears between 
the two primary layers ; wnen this divides 
into two, we have the four secondaiy 
germinal layers. These have just the 
same composition and genetic significance 
in man as in all the other Vertelirates. 
From the skin-sense layer are developed 
the epidermis, the central nervous system, 
and the chief part of the sense-organs. 
The skin-fibre layer forms the corium and 
the motor organs — the skeleton and the 
muscular system. From the gut-fibre 
layer are developed the vascular system, 
the muscular ynall of the gut, and the 
sexual glands. Finallv. Uie gut-gland 


layer only forms the epithelium, or the 
inner cellular stratum of the mucous 
membrane of the alimentary canal and 
glands (lungs, liver, etc.). 

The manner in which these different 
^tems of organs arise from the secon- 
dary germinal layers is essentially the 
same from the start in man as in all the 
other Vertebrates. We saw, in studying 
the embryonic development of each organ, 
that the human embryo follows the special 
lines of differentiation and construction 
that areonlv found olherw ise in the Verte- 
brates. Within the limits of this vast 
Stem we have followed, step by step, the 
development both of the body as a whole 
and ol Its various parts. This higher 
development follows in the human em- 
bryo the form that is peculiar to the 
mammals. Finally, we saw that, even 
w ithin the limits of this class, the various 
phylogenetic stages that we distinguish 
m a natural classifiaition of the mammals 
correspond to the ontogenetic stages that 
the human embryo passes through in the 
course of its evolution 'We were thus in 
a position to determine precisely the 
position of man in this class, and so to 
establish his relationship to tlie different 
orders of mammals. 

The line of argument we followed in 
this explanation of the ontogenetic facts 
was simply a consistent application of the 
biogenetic law. In this we have through- 
out taken strict account of the distinction 
between palingenetic and cenogenetjc 
phenomena. Palingenesis (or “ synoptic 
development ”) alone enables us to draw 
conclusions from the observed embryonic 
form to the stem-form preserved by 
heredity. Such inference becomes more 
or less precarious when there has been 
cenogenesis, or disturbance of develop 
ment, owing to fresh adaptations. We 
cannot understand embiyonic develop- 
ment unless we appreciate this very 
important distinction. Here we stand at 
the very limit that separates the older and 
the new science or philosophy of nature. 
The whole of the results of recent mor- 
ohological research compel us irresistibly 
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to recognise the biogenctic law and its 
far-reaching consequences. These are, 
it is true, irreconcilable with the legends 
and doctrines of former da^, that have 
been impressed on us by religious educar- 
tion. But without the bwgenetic lau>, 
without the distinction between pcdtn- 
genesis and cenogenests, and without the 
theory of evoJutwn on which we base it, it 
is quite impossible to understand the facts 
of organic development ; without them 
we cannot cast the faintest gleam of 
explanation over this marvellous field of 
phenomena. But when we recognise the 
causal correlation of ontogeny and phy- 
logeny expressed in this law, the wonder- 
ful facts of embryology are susceptible of 
a verj’ simple explanation ; they are found 
to be the necessary mechanical effects of 
the evolution of the stem, determined by 
the laws of heredity and adaptation. The 
correlative action of these laws under the 
universal influence of the struggle for 
existence, or— as we may say in a word, 
with Darwin — “ natural selection,” is 
entirely adequate to explain the whole 
process of embrjology in the light of 
phylo^cny. It is the chief merit of 
Darwin that he explained by his theory 
of selection the correlation of the laws of 
heredity and adaptation that I.amarckhad 
recognised, and pointed out the true way 
to reach a causal interpretation of e\olu- ' 

_ The phenomenon that it is most impera- 
tive to recognise in this connection is the 
inheritance of functional variations Jean 
Lamarck was the first to appreciate its 
fundamental importance in 1809, .and we 
iiuiy thereforj justly give the name of 
Lamarckism to the theory' of descent he 
based on it Hence the ra’dical opponents 
of the latter have very properly directed 
their att.acks chiefly against the former. 
One of the most distinguished and most 
narron -minded of these opponents, Wil- 
helm His, alfirms very positively that 
“ characteristics acquired in the life of the 
indiv’id^l are not inherited.” 

The inheritance of acquired characters 
is denied, not only by thorough opponents 
of evolution, but even by scientists who 
admit it and have contributed a good 
deal to its establishment, especially 
Welsmann, Gallon, Ray Lankester, etc. 
Since 1884 the chief opponent has been 
August Weismann, who has rendered the 
greatest service in the development of 
Darwin’s theory of selection. In his 
work on The Continuity of Ae Germ- 


plasm, and in his recent nxcM/tnt Lectures 
on the Theory of Descent (1902), he has 
with great success advanc^ the ojnnion 
that “ only those characters can be trans- 
mitted to subsequent generations that 
were contained in rudimentary form in 
the embryo.” However, this gcmv-plasm 
theoiy, with its attempt to explain 
heredity, is merely a “ provisional mole- 
cular hypothesis’*; it is one of those 
metaphysical speculations that attribute 
the evolutional phenomena exclusively 
to internal causes, and re§^d the influ- 
ence of the environment as insignificant. 
Herbert Spencer, Theodor Eimer, Lester 
Ward, Hering, and Zehnderhave pointed 
out the untenable consequences of this 
position. I have given my view of it in 
the tenth edition of the History of Creation 
(pp. 1^2, 203). I hold, with Lamarck and 
Darwin, that the hereditary transmission 
of acquired characters is one of the most 
important phenomena in biology, and is 
proved by thousands of morphological 
and physiological experiences. It is an 
indispensable foundation of the theoiy of 
evolution. 

Of the many and weighty arguments 
for the truth of this conception of evolu- 
tion 1 will for the moment merely point 
to the invaluable evidence of dysteleoloj^, 
the science of rudimentary organs. We 
cannot insist too often or too strongly on 
the great morphological significance of 
these remarkable organs, which are com- 
pletely useless from the physiological 
point of view. We find some of these 
useless parts, inherited from our lower 
vertebrate ancestors, m eveiy system of 
organs in man and the higher Vertebrates. 
Thus we find at once on the skin a scanty 
and rudimentary coat of hair, only fully 
developed on the head, underthe shoulders, 
and at a few other parts of the body. 
The short hairs on the greater part of the 
body' are quite useless and devoid of 
physiologic^ value ; they are the last 
relic of the thicker hairy coat of our 
simian ancestors. The sensory apparatus 
presents a series of most remarkable 
rudimentary organs. We have seen that 
the whole of the shell of the external^ ear, 
with its cartilages, muscles, and skin, is 
in man a useless appendage, and has not 
the phj'siological importance that was 
formerly asenbed to it. It is the demne- 
rate remainder of the pointed, freely 
moving, and more advanced mammal 
ear, the muscles of which we still have, 
but cannot work them. We found at the 
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innu- comer of our a small, curious, 
semi-lunar fold that is of no use whatever 
to us, and is only interesting as the last 
relicofthe nictitating membrane, the third, 
inner eye-lid that had a distinct physio- 
Ic^cal purpose in the ancient sharks, and 
stul has in many of the Amniotes. 

The motor apparatus, in both the 
skeleton and muscular systems, provides 
a number of interesting dysteleological 
arguments, 1 need only recall the pro- 
jecting tail of the human embryo, with 
Its rudimentary caudal vertebrae and 
muscles ; this is totally useless in man, 
but very interesting as the degenerate 
relic of the long tail of our simian 
McestoTs. From these we have also 
inherited various bony processes and 
muscles, which were very useful to them 
in climbing trees, but are useless to us. 
At various points of the skin we have 
cutaneous muscles which we never use — 
remnants of a strongly-developed cuta- 
neous muscle in our lower mammal 
ancestors. This “panniculus camosus” 
had the function of contracting and creas- 
ing the skin to chase away the flies, as 
we see everv day in the horse. Another 
relic in us of this large cutaneous muscle 
is the frontal muscle, by which we knit 
our forehead and raise our eye-brows, 
but there is another considerable relic of 
it, the large cutaneous muscle in the neck 
f p/afysma myotdes ), over which we have 
no voluntary' control. 

Not only in the systems of animal 
organs, but also in the vegetal apparatus, 
we find a number of rudimentary organs, 
many of which we have already noticed. 
In the alimentary apparatus there are the 
thymus-gland and the th>roid gland, 
the seat of goitre and the relic of a 
ciliated groove that the Tunicates and 
Acrania still have in the gill-pannier; 
there is also the vermiform appendix to 
the ccecum. In the vascular system we 
have a number of useless cords which 
represent relics of atrophied vessels that 
were once active as blood-canals — the 
ductus Botalh between the pulmonary 
artery and the aorta, the ductus venosus 
Araniti between the portal vein and the 
vena cava, and many others. The many 
rudimentary organs in the urinary and 
sexual apparatus are particularly inter- 
esting. These are generally developed 
in one sex and nidimentaiy in the other. 
Thus the spermaducts are formed from 
the Wolffian ducts in the male, whereas 
in the female we have merely rudimentary 


traces of them in Gaertner’s canals. On 
the other hand, in the female the oviducts 
and womb are developed from the 
Mullerian ducts, while in the male only 
the lowest ends of them remain as the 
“male womb” (vestcula prostatxca). 
Again, the male has in his nipples and 
mammary glands the rudiments of organs 
that are usually active only in the 
female. 

A careful anatomic study of the human 
frame would disclose to us numbers of 
other nidimentaiy organs, and these can 
only be explained on the theory of evolu- 
tion. Rotert Wiedersheim has collected 
a large number of them in his work on 
TTte Human Frame as a Witness to Us 
Past. They are some of the weightiest 
proofs of the truth of the mechanical con- 
ception and the strongest disproofs of the 
teleological view. If, as the latter de- 
mands, man or any other organism had 
been desired and fitted for his life- 
purposes from the start and brought into 
being by a creative act, the existence of 
these nidimentaiy organs would be an 
insoluble enigma ; it would be impossible 
to understand why the Creator had put 
this useless burden on his creatures to 
walk a path that is in itself by no means 
easy. But the theory of evolution gives 
the simplest possible explanation of them. 
It says . The rudimentary organs are 
pans of the body that have fallen into 
disuse in the course of centuries , they 
had definite functions in our animal 
ancestors, but have lost their physiological 
significance. On account of fresh adap- 
tations they have become superfluous, 
but arc transmitted from generation to 
generation by heredity, and gradually 
atrophy. 

We have inherited not only these rudi- 
mentaiy parts, but all the organs of our 
body, from the mammals — proxiinately 
from the apes. The human body docs 
not contain a single organ that has not 
been inherited from tlw apes. In fact, 
with the aid of our biogenetic law we can 
trace the origin of our various systems of 
organs much further, down to the lowest 
stages of our ancestry. We can say, for 
instance, that we liave inherited the oldest 
organs of the body, the external skin and 
the internal coat of the alimentary system, 
from theGastraeads ; the nervous and mus- 
cular systems from the Platodes ; the vas- 
cular system, the body-cavity, and the blood 
from the Vermalia ; the chorda and the 
branchial gut from th« ppo^hprdonia ; 
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the articulation of the body from the 
Acrania ; the primitive skull and the 
higher sense-organs from the Cyclo- 
stomcs ; the limbs and jaws from the 
Selachii ; the five-toed foot from the 
Amphibia ; the pedate from the Reptiles ; 
the hairy coat, the mammaiy glands, and 
the external sexual organs from the Pro- 
mammals. When we formulated “the 
law of the ontogenetic connection of 
systematically related forms,” and deter- 
mined the relative age of organs, we saw 
how it was possible to draw phylogenetic 
conclusions from the ontogenetic succes- 
sion of systems of or^ns. 

With the aid of this important Ipw and 
of comparative anatomy we were also 
enabled to determine “man’s place in 
nature,” or, as we put it, assi^ to man 
his position m the classification of the 
animal kingdom. In recent zoological 
classification the animal world is div ided 
into twelve stems or phyla, and these 
are broadly sub-divided into about sixty 
classes, and these classes into at least 300 
orders. In his whole organisation man 
is most certainly, in the first place, a 
member of one of these stems, the verte- 
brate stem ; secondly, a member of one 
particular class in this stem, the Mam- 
mals , and thirdly, of one particular order, 
the order of Primates. He has all the 
characteristics that distinguish the Verte- 
brates from the other eleven animal stems, 
the Mammals from the other sixty classes, 
and the Primates from the 300 other 
orders of the animal kingdom. We may 
turn and tuist as we like, but we cannot 
get over this fact of anatomy and classi- 
fication. Of late years this fact has 
given rise to a good deal of discussion, 
and especially of controversy as to the 
particular anatomic relationship of man 
to the apes. The most curious opinions 
have been advanced on this “ape-ques- 
tion,” or “ pithecoid-theory ” It is as 
well, therefore, to go Into it once more 
and distinguish the essential from the 
unessential. (Cf. above, pp. 261-5.) 

We start from the undisputed fact that 
man is in any case — whether we accept 
or reject his special blood-relationship to 
the apes — a true mammal ; in fact, a 
placental mammal. This fundamental 
fact can be proved so easily at any 
moment from comparative anatomy that 
it has been universally admitted since the 
separation of the Flacentals from the 
lower mammals (Marsupials and Mono- 
tremes). But for eveiy consistent sub- 


scriber to the theory of evolution it must 
follow at once that man descends from a 
common stem-form with all the other 
Placentals, the stem-ancestor of the 
Placentals, just as we must admit a 
common mesozoic ancestor of ^dl the 
mammals. This is, however, to settle 
decisively the great and burning question 
of man’s place in nature, wheUier or no 
we go on to admit a nearer or more 
distant relationship to the apes. Whether 
man is or is not a memter of the ape- 
order (or, if you prefer, the primate-order) 
in the phylogenetic sense, in any case his 
direct blcxAl-relationshlp to the rest of the 
mammals, and especially the Placentals, 
IS established. It is possible that the 
affinities of the various orders of mam- 
mals to each other are different from 
what we hypothetically assume to-day. 
But, in any case, the common descent of 
man and all the other mammals from 
one stem-form is beyond question. This 
long-extinct Promammal was probably 
evolved from Proreptiles during the 
Triassic period, and must certainly be 
regarded as the monotreme and ovipairous 
ancestor of all the mammals. 

If we hold firmly to this fundamental 
and most important thesis, we shall see 
tlic “ ape-question ” in a very different 
light from that in which it is usually 
regarded. Little reflection is then needed 
to see that it is not nearly so important as 
it is said to be. The origin of the human 
race from a series of mammal ancestors, 
and the historic evolution of these from an 
earlier senes of lower \ ertebrate ancestors, 
together with all the weighty conclusions 
that every thoughtful man deduces there- 
from, remain untouched ; so far as these 
are concerned, it is immaterial whether 
we regard true “apes” as our nearest 
ancestors or not. But as it has become 
the fashion to lay the chief stress in the 
whole question of man’s origin on the 
“descent from the apes,” 1 am compelled 
to return to it once more, and recall the 
facts of comparative anatomy and onto- 
geny that ^ive a decisive answer to this 
“ ape-question. ” 

llie shortest way to attain our purpoM 
is that followed by Huxley in 1863 in his 
able w'ork, which 1 have already often 
quoted, Man's Place tn Nature— ttte way 
of comparative anatomy and ontogeny. 
We have to compare impartially all man’s 
organs with the same oig^s in the 
higher apes, and then to examine if the 
diBerences between the two are greater 
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than the correspondinK differences 
between the higher and the lower apes. 

induUtable and incontestable result 
of this comparative-anatomical study, 
conducted with the gi^test care and 
impartialitv, was the pithecometra-pnn- 
cipK, which we have called the Huxleian 
law in honour of its formulator — namely, 
that the differences in organisation 
between man and the most advanced 
apes we know are much slighter than the 
corresponding differences in organisation 
between the higher and lower apes. We 
may even give a more precise formula to 
this law, by excluding the Platyrrhines or 
American apes as distant relatives, and 
restricting the comparison to the narrower 
family-circle of the Catarrhines, the apes 
of the Old World. Within the limits of 
this small group of mammals we found 
the structural differences between the 
lower and higher catarrhine apes — for 
instance, the raboon and the gorilla — 
to be much greater than the dinerences 
between the anthropoid apes and man. 
If we now turn to ontogeny, and find, 
according to our “ law of the ontogenetic 
connection of systematicallv related 
forms,” that the embryos of the anthro- 
poid apes and man retain their resem- 
blance for a longer time than the embryos 
of the highest and the lowest apes, we 
are forced, whether we like it or no, to 
recognise our descent from the order of 
apes. We can assuredly construct an 
approximate picture in the imagination 
of the form of our early Tertiaiy ancestors 
from the foregoing facts of comparative 
anatomy ; however we may frame this in 
detail, it will be the picture of a true ape, 
and a distinct catarrhine ape. This has 
been shown co well by Huxley (1863) that 
the recent attacks of Klaa'sch, Virchow, 
and other anthropolc^ists, have com- 
pletely failed (cf. pp. 263-^). All the 
structural characters that distinguish the 
Catarrhines from the Platyrrhines are 
found in man. Hence in the genealogy 
of the mammals we must derive man 
immediately from the catarrhine gp'oup, 
and locate the origin of the human race 
in the Old World. Only the early root- 
form from which both descended was 
common to them. 

It is, therefore, established beyond 
question for all impartial scientific inquiry 
that the human race comes directly from 
the apM of the Old World ; but, at the 
same time, 1 repeat that this is not so 
important in connection with the main ' 


question of the origin of man as is com- 
monly supposed. Even if we entirely 
ignore it, all that we have leained from 
the zoological facts of comparative 
anatomy and ontogeny as to the placental 
character of man remains untouched. 
These prove beyond all doubt the common 
descent of man and all the rest of the 
mammals. Further, the main question 
is not in the least aflected if it is said : 
** It is true that man is a mammal ; but 
he has diverged at the very' root of the 
class from all the other mammals, and 
has no closer relationship to any living 
group of mammals." affinity is 

more or less close in any case, if we 
examine the relation of the mammal class 
to the sixty other classes of the animal 
world. Quite certainly the whole of the 
mammals, including man, have had a 
common origin ; and it is equally certain 
that their common stem-forms were 
gradually evolved from a long series of 
lower Vertebrates. 

The resistance to the theory of a 
descent from the apes is clearly due in 
most men to feeling rather than to reason. 
They shrink from the notion of such an 
origin just because they see in the ape 
organism a caricature of man, a distorted 
and unattractive image of themselves ; 
because it hurts man’s aesthetic com- 
placent and self-ennoblement. It is 
more flattering to think we have des- 
cended from some lofty and god-Iike 
being ; and so, from the earliest times, 
human vanity has been pleased to believe 
in our origin from gods or demi-gods. 
The Church, with that sophistic reversal 
of ideas of which it is a master, has suc- 
ceeded in representing this ridiculous 
piece of vanity as “ Christian humility ”, 
and the very men who reject with horror 
the notion of an animal origin, and count 
themselves “children of God,” love to 
prate of their “humble sense of servi- 
tude.” In most of the sermons that have 
poured out from pulpit and altar against 
the doctrine of evolution human vanity 
and conceit have been a conspicuous 
element; and, although we have inherited 
this very characteristic weakness from 
the apes, we must admit that we have 
developed it to a higher degree, which is 
entirely repudiated by sound and normal 
intelligence. We are cpeatly amused at 
all the childish follies that the ridiculous 
pride of ancestry has maintained from the 
Middle Ages to our own time ; yet there 
is a lai^e amount of this empty fMling in 
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most men. Just as most people much | 
prefer to trace their family back to some 
degenerate baron or some famous prince 
rather than to an unknown peasant, so 
most men would rather ha\e as parent of 
the race a sinful and fallen Adam than 
an advancing and vigorous ape. It is a 
matter of taste, and to that extent we 
cannot quarrel over these genealogical 
tendencies. Personally, the notion of 
ascent is more congenial to me than that 
of descent. It seems to me a finer thing 
to be the advanced offspring of a simian 
ancestor, that has develop^ progressively 
from the lower mammals in the struggle 
for life, than the degenerate descendant 
of a god-like being, made from a clod, 
and fallen for his sins, and an Eve 
created from one of his ribs. Speaking 
of the rib, I may add to what I have saU 
about the development of the skeleton, 
that the number of ribs is just the same 
in man and woman. In both of them the 
ribs are formed from the middle germinal 
layer, and are, from the phylogenetic 
point of view, lower or ventral vertebral 
arches. _ 

But it is said : “ That is all very well, 
as far as the human body is concerned ; 
on the facts auoted it is impossible to 
doubt that it has really and gradually 
been evolved from the long ancestral 
series of the Vertebrates. But it is quite 
another thing as regards man's mind, or 
soul ; this cannot possibly have been 
developed from the vertebrate -soul.”' 
Let us see if we cannot meet this grav'e 
stricture from the well-known facts of 
comparative anatomy, physiology, and 
embryology. It will be best to begin 
with a comparative study of the souls of 
various groups of Vertebrates. Here we 
find such an enormous variety of verte- 
brate souls that, at first sight, it seems 
quite impossible to trace them all to a 
common “ Primitive Vertebrate.” Think 
of the tiny Amphioxus, with no real brain 
but a simple medullary tube, and its 
whole psychic life at the venr lowest stage 
among the Vertebrates. The following 
group of the Cyclostomes are still very 
limited, though they have a brain. When 
we p|M3 on to the fishes, we find their 
intelligence remainingat a veiylow level. 
We do not see any material advance in 
mental development until we go on to 
the Amphibia and Reptiles. There is 

> Tha Bnsluh reader will recosniee here the cuneue 
poeition of Dr Wallace end of Bw late Dr. Hivart.— 
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sdll greater advrance when we come to 
the Mammals, though even here the 
minds of the Monotremes and of the 
stupid Marsupials remain at a low stage. 
But when we rise from these to the 
Placentals we find within this one vast 
group such a number of important stages 
of differentiation and progress that the 
psychic differences between the least in- 
telligent (such as the sloths and arma- 
dillos) and the most intelligent Placentals 
(such as the dogs and apes) are much 
greater than the psychic differences 
between the lowest Placentals and the 
Marsupials or Monotremes. Most cer- 
tainly the differences are far greater than 
the differences in mental power between 
the dog, the ape, and man. Yet all these 
animals are genetically-related members 
of a single natural class. 

We see this to a still more astonishing 
extent in the comparative psychology of 
another class of animals, that is esp^ally 
interesting for many reasons— the insect 
class. It is well known that vve find in 
many insects a degree of intelligence that 
is found in man alone among the Verte- 
brates. Eveiy’body knows of the famous 
communities and states of bees and ants, 
and of the very remarkable social arrange- 
ments in them, such as we find among 
the more advanced races of men, but 
among no other group of animals. I 
need only mention the social organisation 
and government of the monarchic bees 
and the republican ants, and their divi- 
sion into different conditions — queen, 
drone-nobles, workers, educators, soldiers, 
etc. One of the most remarkable pheno- 
mena in this very interesting province is 
the cattle-keeping of the ants, which rear 
plant-lice as milch-cow's and regularly 
extract their honied juice. Still more 
remarkable is the slave-holding of the 
large red ants, which steal the young of 
the small black ants and bring them up 
as slaves. It has long been known that 
these political and social arrangements of 
the ants are due to the deliberate co- 
operation of the countless citizens, and 
that they understand each other. A 
number of recent observers, especially 
Fritz Muller, SirJ. Lubbock (Lora Ave- 
bury), and August Forel, have put the 
astonishing degree of intelligence of these 
tiny Articulates beyond question. 

Now’, compare with these the mental 
life of many of the lower, especially the 
parasitic, insects, as Darwin aid. There 
IS, for instance, the cochineal insect 
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( Coccus), which, in its adult state, has a 
motionless, shield-shaped body, attached 
to the leaves of plants. Its feet are atro- 
phied. Its snout is sunk in the tissue of 
the plants of which it absorbs the sap. 
The whole psychic life of these inert 
female parasites consists in the pleasure 
they experience from sucking the sap of 
the plant and in sexual intercourse with 
the males. It is the same with the 
maggot-like females of the fan-fly ( Strep- 
stiera), which spend their li^es parasi- 
tically and immo\abl3-, without wings or 
feet, in the abdomen of wasps. There is 
no question here of higher psychic action. 
If ne compare these sluggish parasites 
with the intelligent and active ants, we 
must admit that the psychic differences 
between them are much greater than the 
psychic differences between the lowest 
and highest mammals, between the 
Monotremes, Marsupials, and armadillos 
on the one hand, and the dog, ape, or 
man on the other. Yet all these insects 
belong to the same class of Articulates, 
just as all the mammals belong to one 
and the same class. And just as every 
consistent evolutionist must admit a 
common stem-form for all these insects, 
so he must also for all the mammals. 

If we now turn from the comparative 
study of psychic life in different animals 
to the question of the organs of this func- 
tion, we receive the answer that in all the 
higher animals they are alw’ays bound up 
with certain grou^ of cells, the gang- 
lionic cells or neurona that compose the 
nervous system. All scientists without 
exception are agreed that the central 
nervous system is the organ of psychic 
life in the animal, and it is possible to 
prove this experimentally at any moment 
When we fiartially or wholly destroy the 
central nervous system, we extinguish in 
the same proportion, partially or wholly, 
the “ soul ” or psychic activity of the 
animal. We have, therefore, to examine 
the features of the psychic organ in man. 
Tlie reader already knows the incontest- 
able answer to this question. Man’s 
psychic organ is, in structure and origin, 
just the same organ as in all the other 
Vertebrates. It originates in the sliape 
of a simple medullary tube from the outer 
membrane of the embryo — the skin-sense 
layer. The simple cerebral vesicle that is 
formed by the expansion of the head-part 
of this medullary tube divides by trans- 
verse constrictions into five, and these 
pass through more or less the same stages 


of construction in the human embryo as 
in the rest of the mammals. As these are 
undoubtedly of a common origin, their 
brain and spinal cord must also have a 
common origin. 

Physiology teaches us further, on the 
ground of observation and experiment, 
that the relation of the “ soul ” to_ its 
organ, the brain and spinal cord, is just 
the same in man as in the other mammals. 
The one cannot act at all w'ithout the 
other; it is just as much bound up with 
it as muscular movement is with the 
muscles. It can only develop in connection 
with it. If we are evolutionists at all, 
and grant the causal connection of onto- 
genesis and phylogenesis, we are forced 
to admit this thesis : The human soul or 
psyche, as a function of the medullary 
tube, has developed along with it , and 
just as brain and spinal cord now' develop 
from the simple medullary tube in every 
human indiv idual, so the human mind or 
the psychic life of the whole human race 
lias bron gradually evolved from the lower 
vertebrate soul. Just as to-day the intri- 
cate structure of the brain proceeds step 
by step from the s.imc rudiment in every 
human individual — the same five cerebral 
vesicles — as in all the other Craniotes , 
so the human soul has been gradually 
developed in the course of millions of 
vears from a long series of craniote-souls. 
t^inally, just as to-day in every human 
embryo the various parts of the brain 
differentiate after the special type of the 
ape-brain, so the human psyche has pro- 
ceeded historically from the ape-soul 

It is true th.at this Monistic conception 
is rejected with horror by most men, and 
the Duahstic idea, which denies the in- 
separable connection of brain and mind, 
and regards body and soul as two totally 
different things, is still popular. But 
how can we reconcile this view with the 
known facts of evolution ? It meets with 
difficulties equally great and insupenihlc 
in embryology and in phylogeny If we 
suppose with the majonty of men that 
the soul is an independent entity, which 
has nothing to do with the body origi- 
nally, but merely inhabits it for a time, 
and gives expression to its experiences 
through the brain just as the pianist does 
through his instrument, we must assign a 
point in human embryology at which the 
soul enters into the brain ; and at death 
again we must assign a moment at which 
it abandons the body. As, further, each 
human individual has inherited certain 



RESULTS OF ANTHROPOGBNY 


personal features from each parent, we 
must suppose that in the act of incep- 
tion pieces were detacheJ from their souls 
and transferred to the emjjryo. A piece 
of the paternal soul goes with the sperma- 
tozoon, and a piece of the mother's soul 
remains in the ovum. At the moment of 
conception, when portions of the two 
nuclei of the copulating cells join together 
to form the nucleus of the stem-cell, the 
accompanying fragments of the imma- 
terial souls must also be supposed to 
coalesce. 

On this Dualistic view the phenomena 
of psychic development are totally incom- 
prehensible Everybody knows that the 
new-born child has no consciousness, no 
knowledge of itself and the surrounding 
world . E\ ery parent who has ini partially 
followed the mental development of his 
children will find it impossible to deny 
that it is a case of biological evolutionary 
processes. Just as all other functions of 
the body develop in connection with their 
organs, so the soul does in connection 
with the brain. This gradual unfolding 
of the soul of the child is, in fact, so 
wonderful and glorious a phenomenon 
that every mother or father who has eyes 
to observe is never tired of contemplating 
it. It is only our manuals of psychology 
that know nothing of this development , 
we are almost tempted to think some- 
times that their authors can never have 
had children themselves. The human 
soul, as described in most of our psycho- 
logical works, is merely the soul of a 
learned philosopher, who has read a good 
many b^ks, but knows nothing of evolu- 
tion, and never even reflects that his own 
soul has had a development. 

When these Dualistic philosophers are 
consistent they must assign a moment in 
the phylogeny of the human soul at which 
it was first “ introduced ” into man’s verte- 
brate body. Hence, at the time when 
the human body was evolved from the 
anthropoid body of the ape (probably in 
the Tertiary' period), a specific human 
psychic element — or, as people love to 
say, “a spark of divinity” — must have 
been suddenly infused or breathed into 
the anthropoid brain, and been as^iated 
with the apc-souI already present in it. I 
need not insist on the encwmous theo- 
retical difficulties of this idea. I will only 
point out that this “ spark of divinity,” 
which is supposed to distinguish the soul 
of man from that of the other animals, 
must be itself capable of development. 


and has, as a matter of fact, progre^vety 
develop^ in the course of human history. 
As a rule, reason is taken to be this 
“ spark of divinity,” and is supposed to 
be an exclusive possession of humanity. 
But comparative psychology shows lU 
that it is quite impossible to set up this 
barrier between man and the brute. 
Either we take the word “ reason ” in the 
wider sense, and then it is found in the 
higher mammals (ape, dc^, elephant, 
horse) just as well as in most men ; or 
else in the narrower sense, and then it is 
lacking in most men just as much as in 
the majority of animals. On the whole, 
we may still say of man’s reason what 
Goethe’s Mephistopheles said . — 

Life somewhat better mig^t content him 

But for the gleam of heavenly light that 
Thou hast gpven him. 

He calls it reason ; thence his power’s 
increased 

To be still beastlier than any beast. 

If, then, we must reject these popul^ 
and, in some respects, agreeable Dualistic 
theories as untenable, bemuse inconsistent 
w'ith the genetic facts, there remains only 
the opposite or Monistic conception, 
according to which the human soul is, like 
any other animal soul, a function of the 
central nervous system, and developes in 
inseparable connection tlierewith. We see 
this ontonnettcally in every child. The 
biogenetic law compels us to affirm it 
ph^ogenehcally. Just as in every human 
embi^ the skin-sense layer gives rise to 
the medullary tube, from the anterior end 
of which the five cerebral vesicles of the 
Craniotes are developed, and from these 
the mammal brain (first with the char- 
acters of the lower, then with those of the 
higher mammals) ; and as the whole of 
thm ontogenetic process is only a brief, 
hereditary reproduction of the same pro- 
cess in the phylogenesis of the Verte- 
brates : so the wonderful spiritual life of 
the human race through many thousands 
of years has been evolved step by step 
from the lowly psychic life of the lower 
Vertebrates, and the development of every 
child-soul is only a brief repetition of that 
long and complex phylcgenetic process. 
From all these facts sound reason must 
conclude that the still prevalent belief in 
the immortality of the soul is an unten- 
able superstition. I have shown its in- 
consistency with modern science in the 
eleventh chapter of Tie Rtddle the 
Unrvene. 

Here it may also be well to point out 
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the RFeat importance of anthropogeny, in 
the light of the biogenetic law, for the 
purposes of philosophy. The speculative 
philosophers who take cognisance of these 
ontogenetic facts, and explain them ^in 
accordance with the law) phylogenetically, 
will advance the great questions of philo- 
sophy far more than the most distin- 
guished thinkers of all ages have j'et 
succeeded in doing. Most certainly every 
clear and consistent thinker must derive 
from the facts of comparative anatomy 
and ontc^ny we have Educed a number 
of suggestive ideas that cannot fail to 
have an influence on the progress of 
philosophv. Nor can it be doubted that 
the c^did statement and impartial 
appreciation of these facts will lead to 
the decisive triumph of the philosophic 
tendency tltat we call “ Monistic ” or 
“ Mechanical," as opposed to the “ Dual- 
istic" or “ Teleological," on which most 
of the ancient, medieval, and modem 
systems of philosophy are based. The 
Monistic or Mechanical philosophy affirms 
that all the phenomena of human life and 
of the rest of nature are ruled by fixed 
and unalterable laws ; that there is' everj'- 
where a necessary causal connection of 
phenomena; and that, therefore, the 
whole knowable universe is a harmonious 
unity, a monon. It says, further, that all 
phenomena are due solely to mechanical 
or efficient causes, not to flnal causes. It 
does not admit free-will in the ordinary 
sense of the word. In the light of the 
Monistic philosophy the phenomena that 
we are wont to regard as the freest and 
most independent, the expressions of the 
human will, are subject just as much to 
rigid laws as any other natural pheno- 
menon. As a matter of fact, impartial 
and thorough examination of our “ free ” 
volitions shows that they are never really 
free, but always determined by antecedent 
factors that can be traced to either here- 
dity or adaptation. We cannot, there- 
fore, admit the conventional distinction 
between nature and spirit. There is 
spirit eve^where in nature, and we know 
of no spirit outside of nature. Hence, 
also, the common antithesis of natural 
science and mental or moral science is 
untenable. Every science, as such, is 
both natural and mental. That is a firm 
principle of Monism, which, on its reli- 
gious side, we may also denominate 
Pantheism. Man is not above, but in, 
nature. 

It is true that the opponents of evolu- 


tion love to misrepresent the Monistic 
philosophy based on it as “ Materialism,” 
and confuse the philosophic tendency of 
this name with a wholly unconnected and 
despicable moral materialism. Strictly 
speaking, it would be just as proper to 
call our system Spiritualism as Material- 
ism. The real Materialistic philosophy 
affirms that the phenomena of life are, 
like all other phenomena, effects or pro- 
ducts of matter. The opposite extreme, 
the Spiritualistic philosophy, says, on the 
contrary, that matter is a product of 
energy, and that all material forms are 
Deuced by free and independent forces. 
Thus, acconJing to one-sided Materialism, 
the matter is antecedent to the living 
force; according to the equally one-sided 
view of the Spiritist, it is the reverse. 
Both views are Dualistic, and, in my 
opinion, both are false. For us the and 
thesis disappears in the Monistic philo- 
sophy, which knows neither matter with- 
out force nor force without matter. It is 
only necessary to reflect for Mme time 
over the question from the strictly scien- 
tific point of V icw to see that it n. impos- 
sible to form a clear idea of either 
hypothe.sis. As Goethe said, “ M.itter 
can never exist or act without spirit, nor 
spirit a'lthout matter.” 

The human “ spirit ” or " soul ” is 
merely a force or form of cnergj', insepar- 
ably bound up with the material sub- 
stratum of the bodj . The thinking force 
of the mind is just as much connected 
with the structural elements of the brain 
as the motor force of the muscles with 
their structural elements Our mental 
powers are functions of the brain as much 
as any other force is a function of a 
material body. We know of no matter 
that is devoid of force, and no forces tha^ 
are not bound up with matter. When 
the forces enter into the phenomenon as 
movements we call them living or active 
forces ; when they are in a state of rest or 
equilibrium we call them latent or poten- 
tial. Tliis applies equally to inorganic 
and organic bodies. The magnet that 
attracts iron filings, the powder tluit ex- 
plodes, the steam that drives the loco- 
motive, are living inorganics; they_ ^t 
by living force as much as the sensitive 
Mimosa does when it contracts its l^ves 
at touch, or the venerable Amphioxus 
that buries itself in the sand of the sea, or 
man when he thinks. Only in the latter 
cases the combinations of the different 
forces that appear as “ movement’ in the 
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>henomenon are much more intricate and 
lifliicult to analyse than in the former. 

Our study has led us to the conclusion 
hat in the whole evolution of man, in his 
‘mbryology and in his phylogeny, there 
ire no living forces at work other than 
hose of the rest of organic and inorganic 
lature. All the forces that are operative 
n it could be reduced m the ultimate 
inalysis to growth, the fundamental 
ivolutionary tunction that brings about 
he forms of both the organic and the 
norganic. But growth itself depends on 
he attraction and repulsion of homo- 
geneous and heterogeneous particles, 
seventy-five years ago Carl Ernst von 
Baer bummed up the general result of his 
:lassic studies of animal development in 
he sentence “The evolution of the indi- 
,'idual is the history of the growth of indi- 
ifiduality in every respect ” And if we go 
jeeper to the root of this law of growth, 
we find that in the long run it can always 
se reduced to that attraction and rcpul- 
iion of animated atoms which Empedocles 
tailed the “love and hatred” of the 
elements. 

Thus the evolution of man is directed 
by the same “eternal, iron laws” as the 
development of any other body. These 
laws always lead us back to the same 
simple principles, the elementary prin- 
ciples of phobics and chemistry. The 
various phenomen.'i of nature only differ 
in the degree of complexity in which 
the different forces w'ork together. Each 
single process of adaptation and heredity 
jn the stem-historj of our ancestors is m 
itself a very complex physiological phe- 
nomenon. Far more intricate are the 
processes of human embryology ; in these 
are condensed and comprised thousands 
of the phylogenetic processes 

In my General Morphology, which 
appeared in 1866, 1 made the first attempt 
to apply the theory of evolution, as re- 
formed by Darwin, to the whole province 
of biology, and especially to provide with 
Lts assistance a mechanical foundation 
for the science of organic forms. The 
intimate relations that exist between all 
parts of organic science, especially the 
direct causal nexus between the two 
sections of evolution— ontogeny and phy- 
logeny — were explained in that work for 
the first time by transformism, and were 
interpreted philosophically in the light of 
the theory of descent. The anthropo- 
logical part of the General Morphology 
[Book vii.) contains the first attempt to 


determine the series of man’s ancestors 
(vol ii., p. 428). However imperfect this 
attempt was, it provided a starting-point 
for further investigation. In the tnirty- 
s^ven years that rave since elapsed the 
biological horizon has been enormously 
widened , our empirical acquisitions in 
paleontology, comparative anatomy, and 
ontogeny have grown to an astonishing 
extent, thanks to the united efforts of a 
number of able workers and the employ- 
ment of better methods. Many important 
biological questions that then appeared 
to be obscure enigmas seem to be entirely 
settled. Darwinism arose like the dawn 
of a new day of clear Monistic science after 
the dark night of mystic dogmatism, and 
we can say now, proudly and gladly, that 
there is daylight in our field of inquiry. 

Philosophers and others, who are 
equally ignorant of the empirical sources 
of our evidence and the phylc^enetic 
methods of utilising it, have even lately 
claimed that in the matter of constructing 
our genealogical tree nothing more has 
been done than the discovery of a “ ^llery 
of ancestors,” such as w'e find in the 
mansions of the nobility. This would be 
quite true if the genealogy given in the 
second part of this work were merely the 
juxtaposition of a series of animal forms, 
of which we gathered the genetic con- 
nection from their external phjsi^piomic 
resemblances. As we have sufficiently 
proved already, It is for us a question of 
a totally different thing — of the morpho- 
logical and historical proof of the phylo- 
genetic connection of these ancestors on 
the basis of their identity in internal 
structure and embryonic development ; 
and 1 think 1 have sufficiently shown in 
the first part of this work how far this is 
calculated to reveal to us their inner 
nature and its historical development. I 
see the essence of its significance precisely 
in the proof of historiral connection. 1 
am one of those scientists who believe in 
a real “ natural history,” and who think 
as much of an historical knowledge of the 
past as of an exact investigation of the 
present. The Incalculable value of the 
nistorical consciousness cannot be suffi- 
ciently emphasised at a time when 
historical research is ignored and 
neglected, and when an “ exact ” school, 
as dogmatic as it is narrow, would sub- 
stitute for it physical exMriments and 
mathematical formulae. Historical know- 
ledge cannot be replaced by any other 
branch of science. 
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It is clear that the prejudices tliat stand 
in the way of a general recognition of 
this “natural anthropogeny ” ate still 
very great; otherwise the long struggle 
of phuosophic systems would ha^e endM 
in ra\-our of Monism. But we may con- 
fidently expect that a more general 
acquaintance with the genetic facts will 
ep^ually destroy these prejudices, and 
iWid to the triumph of the natural con- 
ception of “man’s place in nature.” 
When we hear it said, in face of this 
expectation, that this would lead to retro- 
gression in the intellectual and moral 
development of mankind, I cannot refrain 
fiom saying that, in my opinion, it will 
be just the reverse ; that it will promote 


to an enormous extent the advance of the 
human mind. All progress in our know- 
ledge of truth means an advance in the 
higher cultivation of the human intel- 
ligence ; and all progress in its applica- 
tion to practical life implies a rorrespond- 
ing improvement of morality. The worst 
enemies of the human race — ignorance 
and superstition — can only be vanquished 
by truth and reason. In any case, 1 hope 
and desire to have convinc^ the reader 
of these chapters that the true scientific 
comprehension of the human frame can 
only be attained in the way that we rec(^- 
nise to be the sole sound and effective 
one in organic science generally — namely, 
the way of Evolution. 
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